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ABSTRACT

This thesis is an inccmplete historical investigation of the

scientific method henceforth referred to as "operations research." The

purpose of the thesis is to trace the evolution of operations research

in the U. S. Army and to provide the military staff officer and decision-

maker with an appreciation for the usefulness of the method and the

scope of its application to military problem-solving.

Operations research has become a significant tool in the Army's

arsenal. Its application in cost-effectiveness studies; development and

improvement of weapons, equipment, tactics and strategy; and other opera-

tional activities is an accepted fact. Operations research is not new.

Its techniques can be traced from the investigations of ancient scion-

tists. Operations research merely combines the normal scientific obser-

vations undertaken by any scientist with systematic analysis employing

probability and statistical theory to more effeotively identify and

select one or more alternative courses of action. In itself, operations

"research does not make decisions--it merely assists the staff-plannor and

decision-maker in identifying the alternatives ar" selecting a course of

action based upon the stated objective. In order for the military staff-

pianmer and decision-maker to most effectively use this tool, they must

understand the purpose of the method, its application, its potential,

and its pitfallu.

Operations research was introduced in the United States during

the early stages of World War II to assist in overoaning severe deficien-

1
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cies in the resoarch and development programs of the military servio s.

Historically the military services of the U. S. have Aen reliant upoi.

the nation's civilian inventors and industry to develop and produce new

weapons and equipment. Prior to World War II many goveranent sponsored

civilian scientific agencies were organized. However, most of these or-

ganizations were limited in scope and temporary in nature.

In 19+2, the U. S. deployed its first operations research groups

with Navy and Army Air Corps elements in the U. S., Europe and the Medi-

terranean. Later the Office of Scientific Research and Development

(OSMD) and the Office of Field Services (OFS) were created to satisfy

the requirement for integration of available scientific effort at houe

and to provide technical support for the field forces. These agencies

were the primary U. S. operations research activities of World War II.

The OSRD and OFS were terminated at the end of World War II

and the Army retained some of the operations research activities within

the technical services. Various means, such as advisory ccommittees, re-

soarch boards, etc., were used to keep the civilian and military scien-

tific ccmunities working together; but generally speaking, they were

only marginally successful. Following the reorganization of the Defense

Department in 1948, the Army established its first of many research con-

4 tract groups, the General Research Office, with the Johns Hopkins Univer-

sity. Since then other groups have been developed to study technical

Problems; analyze such problems as counterinsurgency, human resources,

tAotics and strategy; and collect data to support area studies. The Army
a42o continued the expansion of its in-house operations research oapa-

bUlty in order to meet the requirements generated by Department of the

Ary, ArMy Materiel Comand, Combat DevelopmentM Camnand and others.



During FT 67. an operations research/system analysis program

was fw&:Lly established by the Army. This stop was in recognition of

the increased importance of operations research within the Army and the

Defense Department. The civilian scientific and managerial camunitie&

have also seen thw tremendous opportunities presented by the proper ap-

plcation of the method. Thus the future of operations research seems

to be limited on•y by the imagination of its analysts and the &cceptance

they can achieve among the staff-planners and decision-makers, 'nh Army

shuld sigpificantly iprove its operations research posture with in-

arased and improved schooling for its 3imier and field grade officers.

II
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INTRODUCTION

Down through the ages, wars have been a major contributing

factor to the evolution and development of science and scientific dis-

coYry. With the improvement of weapons, wars have become more and more

devastating. The involvement of people and resorrees of the cmmitted

n•tions has become greater with each new conflict. This has created tie

requirement for more thorough preparation and planning for the use of

all resources to Achieve the level of industrial and military effort

r*dod to insure victory. In a sense, these conflicts led to the recent

Identification, integration and formalization of ancient research tech-

niqwe into a recognized modern scientific method.

Despite the age of these techniques and the recent widespread

interest in their use, the method has not been formally defined or en-

titled. It is known in various scientific circles as "operational re-

oarch," "operational analysis," "operations research," "systems analysis"

or other titles. It has been defined in many ways but the following def-

]tion is a reasonably simplified but accurate ones

a scientific method of providing executive departments with
a quantitative basis for decisions regarding the operations under
their control. 1

Aaoter more detailed and a great deal more complicated definition by E.

S. Wade of the Rand Corporations

IP. H. Morse and G. E. Kimball, Methods of Operations Research,
(tst *d. rev.t Now Yorks The Technology Press of Massachusetts Unstitute
O TeOlology and John Wiley and Sons, Inc., 1952), p. 1.
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. . analytic study designed to help a decisionmaker identify
Spreferred choice among possible alternatives. It is character-

itjd by a systematic and rational approach, with assumptions mae
eajlicit, objectives and criteria clearly defined, and alternative
courses of action compared in the light of their possible consequen-
ces. An effort is made to use quantitative methods, but computers
ar, not essential. What is essential is a model that enables expert
intuition and Judgement to be applied efficiently. The method pa a-

ivdes its answers by prooesses that are accessible to critical ex-
&mijation, capable of duplication by others, and * e or less read-
fly modified *a new information becomes available.

This thesis is an incomplete historical investigation of the

agintifio method henceforth referred to as "operations research."

litsc its formal identification as a scientific method, operations re-

searc b aa become a significant tool in the process of military problem-

elyving and deoision-making. The value of the method and its contribu-

Ium to. the improvement of veawpw equipment and operations since 1940

was Vnerally been overlooked by members of the Arzy who were not

-4Uvrctty associated with research and develeyment activities. Recently.

uwtsaea DeeprtLant of Defense emphasis on cost-effectiveness studies

iC t.ed the Army to ixplad its role in operations research. Operations

,. *arsh hau pred to be the most effective means of supporting the

ky's organizatien, wAnpower, equipment and budget requirements. in

WMtion, to keep up with the advances in 3cientific technology and

*eflatioe of military doctrino, the Army has increased its internal use

of prationu research techniques. This exp1ided use has resulted in

2 MIRU VAe fields of analysis at lreer coamand Uvels. Haoevr. the

Uoasod importance and use of operations research within the Arzy has

"tet beou ace opanied by a corresponding improvement in the understanding,

UmwldO and acoeptanca of operations resemach by the military staff-

23. 8* QWu Me.A is (Sata Ho a, Calif. t Rand Corp.

FRI Nov7i5r;965, p7T7I.,



plswssr i.nd decisiniuf4~ker,

"I purpose of this thesis is to trace the evolution of operations

i.,.arh in the U, S. Army and to provide the military staff officer and

sd~csion-saker with an appreciation for the usefulness of this method and

Wh scope of its application to military problem-s olving. Although the

tmois villbe devoted primaril~yto anexamination of the role of the

May. there will be a significant overlap where other agencies and 3er-

yjces have influenced the overall development of the method or substan-

t.1a coordination and cooperation between agencies and services were in-

vdlvd.

There will be no attempt to depict the technical aspects of op-

.rat~ion research,. Books and reports, which define the techniques in

* dotail edtheir implementation in projects. are readily Available in

reairch libraries. A partial listing Of applicable reports and bibli-

* ~ mrsphies ar, contained in the bibliography. However, no historical

ezeaination of this subject would be comeplete without imparting a recog-

Altionl of the primary terms and techniques that make up thQ method.

Chapter I will, be used to set theS stage historically and scientifically,.

TbO rMaining chapters will show the evolution of the Method by natural

A4[ IwOfr~lis Lo opi~0  Pro-World War II; WOrld War 11 and its aftermuath;

h*o4orta through the 1950ts; and Vinaly the i96 0to. D~uo t- th6a opera-

01111 44turO of the subject, much data is t&til classified making &

NflY cooprohonfoiv history of the@ latar periods difficult, floyq.ye,

t' -. ieesL. impowtance of the methed0 its widening acceptance and ex-

Wh.d a4" readilY traceabiG.



CHAPTER I

EVOLUTION FRCOM ANTIQUITY

Believe nothing, 0 monks, merely because you have been told
it • . or because it is traditional, or because you your-
""lves have imagined it, Do not believe what your teacher
tails you merely out of respect for the teacher. But what-
Joevor, after due examination and analysis, you find to be
conducive to the good, the benefit, the welfare of all beings
-- that doctrine believe and cling to and take it as your
guide.

Gautama Budda&
(563?-483? B.C.)

It has been said that there is nothing new under the sun-that

Ut only difference is in the way we see and do things. This must be

trw of operations research because the principles underlying this

sathod have existed in the observations and experiments of scientists

tfr centuries. Their approach to these problars was nothing more than

an early version of the present-day problem-solving techniques used in

q*rations research. Examples of the employment of these techniques can

be traced back to antiquity. Archimedes, the great Greek mathematician

aW inventor, used these techniques in the development of new devices
&M yrocedures during the seige of Syracuse (215-212 B.C.).2

An eumwination of the conclusions reached by these ancient

k•tists reveals that they had problems in correctly analyzing.

iGeorge Selde8 (ed.), The Great quotations (Lyle Stuart, N.!°:
A C6 "-Stuart Book, 1960), p. 125.

2Lynn H. Rumbaugh, A Look at US Arwy Operations Research--Past
L nt (Waslington, D.C.: Research- AnAlysis Corp,, RAC-TP-iO,Prl1 7 p, 4.
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arrgl.ting and applying the data obtained from their observations. For

lez , during the early development of guns, data was obtained concer-

01 tja amount of powder used, the size and type of projectile fired

&Md th thic1nes5 of the barrel employed to insure safety. But when

tb#" observations and data obtained from small caliber weapons were ap-

Sddirectly to tLe problem of developing larger guns, the results

per quite undatisfactory and very inefficient. 3

Two of the more effective early proponents of operations research

ehniques during the 16th century were Tartaglia and Galileo. They con-

mtrated their efforts on examining the characteristics of exterior bal-
t 1Astics. In the process, they developed the first effective artillery

tAbles and evolved better methods of aiming and employing artillery. In

the 17th century Vauban was one of the first to employ a really system-

sati approach to the problems of the day. He studied the overall tacti-
eel and strategic influences of defensive design and methods of attack

of pvpre fortifications. His analysis emphasized the technical nili-

t uy apects of thewapons and procedures being investigated.k

locnardo da Vinci is probably the most well 1Iown scientist and

Inv.ntor who consistently recognized and espoused the techniques of op-

*rsUens research. His inventiveness encompassed almost every field of

"Ientifte investigation. Included was the development of devices,

uupons, procedures and tactics. Da Vinci based his ideas on sound

S3Henry M. Wilkinson, Engines of War (London: Longman, Orme, Brown,
v aJa•MLMPon,, 1841), p. 71.

4Gs•nral Research Office, General Research Office Qgarterly Re-
SVol. 1, No. I (Washington, DC.& General Research Office, The

J'skw H*pkin Uldvesrity. 30 Sopteaber 1948), p. 6.
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Rathematical principle and insisted on verification by experience, 5

The recognition of the applicability of scientific research

techniques to fialds other than weapons develepment was continued in the

later examination of the roles of land power (by Clausewits), sea power

(by Mahan), and air power (by Douhet). 6 Thus we can see tl-.t through

the years the increased application of the techniques of this scientific

method has been a dynamic force in research and development. The con-

tinued emphasis on develolzent of its procedurea have broadened the

scope of operations research and made it more relevant in its application

to the many varied activities, interests and responsibilities of the

modern-day military planner and decision-maker.

Having introduced the term operations research, it is nece 7ary

to define it. In a purely military sense, we can say that operations

reasearch is "... the application of scientific qualitative and quanti-

tative analysi to the study of warfare with the objectiv of improving

• veapons, tactics, strategy and logistics of the future."? The dif-

ferenco between operations research of today and scientific investigation

of the past is that operations research employs specific scientific moth-

edology in its approach to problem solving. This means that when a prob-

lam ha been identified, the analyst must carefully define and formulate

Uh asmumptions to properly limit the scope of the investigation, log-

leally devtlop a model to represent th- problem within the limiting as-

ewptimna, and finally analyse and Interpret the conclusions or ulterna-

!ýid. pp 6-8.

?Ago, p. 6o



are those which tend to bae repesItive fta~tms that c= be to

quantitative representation. 8

The techniques of this scientific method are resolvable to a.

series of steps which are basically identical in the analysis of all

b-,*rtions research problems. One analyst's approach to formalizing

these steps and a definition of each for clarification is given below:

1) Formulation - Clarifying, defining and limiting the problem to

amething which can be handled.

2) Search - Finding, determining and correlating the relevant data

and developing alternatives.

3) Explanation - Building a model and exploring its consequences.

4) Interpretation - Deriving the conolusion or conclusions.

5) Verification - Testing the conclusion by experiment. 9

This particular list of stepa is shown schematically in Figure i. An-

other example of the steps used in operations research is shown in

Figure 2. These schematics are nothing more than a demonstration of the

integrated and systomatic approach taken by the analysts in solving

their problems. ý. •ese steps clearly tie together the various techniques
uaed in early day research and development and take advantage of modern

knowled~e and technical improvements.

The heart of operations research is the model. A model is devel-
oped by the use of basic mathematical equations to represent the activ-

ity, situation, or item under consideration. The most important tool

8Raoul J. Freeman, Develoents For Modern Management (Santa

Monica, Calif.: Rand Corp., Mema P-3210, August 1965), pp. 2-3.

9E. S. Quads, Mility SystemsAnalysis (Santa Monica, Calif.:
Rand Corp., Memo. RM 3WJanuary 1963), pp. 6-11.



availaibl to tb amL~zyst in the dewlocmeut -t his nodel is probability

tional and experimental problems, With a properly constructed model, it

is possible during an analysis to hold sane data constant and vary other

elements. This makes it possible to almost simultaneously investigate

different aspects of the same problem, which under actual field condi-

tions may not be feasible due to the expense or any number of valid

reasons. Thus, with a model developed from a few analytical observations

or experiments, it is possible to mathematically project a conclusion or

series of alternatives for the problem under consideration.

Experts in the field of operations research have identified

eight classic operations research problems:

1) Sequencing - Determining the order in which specific operations

should be accomplished for best results. Two sequencing systems that

have been developed and are widely used in the Army are: CPM (Critical

Path Method) and PERT (Periodic Evaluation and Review Technique).

2) Routing - The process of planning the utilization of time and re-

sources to most efficiently accomplish a series of separate but related

objectives. An application of this could be scheduling a courier or

developing a plan for maintenance contact team or IG Imspection team

visits.

3) Inventory - Mathematically examining inventory requirements to
insure adequate itockage to meet consumer demandfor a miaimum inventory

investment.

4) Allocation - Optimizing the allocation of critical item• or re-

sources to satisfy requirements.

5) Waiting Line - Identifying bottlenecks in an operation, analyzing

II
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Problem
Situation

,,

FCPAWIATION SEARCH

Content Facts
Objectives __Probabilities

Criteria Alternatives
Hypothesis Costs

Satisfied? Not

VERIFICATION INTERPRETATION EXPLANATION

Experimentation Non-quantifiable Model Building
Modification 14 Tnc mmensureablei3 . Approximation
Analysis Uncertainties Cocmputations
Results Conclusions Results

FIGURE i

Steps in Oerations Research Problem-SolvingiO

1 0 Ibid*
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Designing
Alternatives

Selecting Collecting
Objectives Data

Formulating Building
the Problem Models

7/

Opening new Weighing
Alternatives Costs vs[ Effectiveness

"Reexmiin Testing for /invObjectives Effectiveness

Questioning

Assumpticns

FIGURE 2

Stops in Operations Research Problom-Solving1 1

11E. S. Quada, Military Analysis (Santa Monica, Calif.: Rand
Corp., Memo RM 4808 PR, November 19$), p. 19.



these bottleneOcks anid doe7.loping corrective solutions.

6) Replacement - Developing a plani or schedule to phase out anti-

quated equipmnt and introduce replacement items with minimum disruption

to the operation and still maintain or improve effectiveness.

7) Information Collection - Identifying the type anil applicability

of available. information and information gathering sources in order to

* integrate and maximize the effectivenuss of the collection plan.

8) Comupetitive - A situation in which the various alternatives atvail-

able to two opposing or ccmpetitive activities are analyzed to determine

I the ccaparative results that are obtained from the opposing alternatives.

The results provide a basis f or selection of a best or" optimum alter-

It should be recognized that any scientific technique or method

contains pitfalls and operations research is no exception. Analysts

Livs identified ten most ckznon pitfalls; they are:

I) M1odelism - Being more intereste'd in constructing the model than

in insuring that the model Les still applicable to the original problem.

* ~2) Statistical Uncertainty - Overemphasiting the~ probability aspects

* ~of in analyeis. Thirs tends to consume available timo arnd money while

no digsgiiatyt the solution ofthe problen. we

aenaturally many different cctbinations and limiting these possibili-

I ~ties to insure their valiity is a difficult problem.

vr, 12 General Research Offc, Geerl Research Office larjerlLRe-

k~~,Vol. 1, No. I (Washington, D.C.: General Research Office, The
I Johns Hopkidn University, 30 September 19 8)O) p. 9.
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4) £nemy Reaction - To accurately predict the enemy's reaction to

our action is naturally very difficult, but the analyst must be very

careful not to go too far into the measure, countermeasure, counter-

countermeasure, etc.

5) Over-concentration - Adopting an overly narrow view point or as-

suming away the difficult parts of the problem.

6) Phasing - Failing to balance yesterday's situation with the re-

quirements of tomorrow to insure the optimum condition for today. In a

purely military context this may apply to the timing required to prop-

erly introduce a new piece of military equipment before the equipment it -

is to replace is obsolete.

S7) Ovwr-Aubition - Expanding a problem area to the point that it be-

•,ues too large to effectively manage.

8) Fanaticism - Adhering too closely to an internal organization

party line. Failing to maintain an open mind and unbiased approach.

* 9) Hermitism - This occurs when the analyst creates a wall of misun-

derstanding or distrust by his failure to communicate with the project

SIoriginator. Often this is best Illustrated by the overly technical re-

ports that the analyst prepares, which the non-tachnical person does not

readily understand.

10) Butch - An arithmetic error or mistaken techniual notion or fact. 1 3

In addition to the pitfalls mentioned above, there are two "pro-

cedural fallacies" recognized by analysts in operations research. The

first of these is "Authorititus" which is simply failure to properly

Dientify and define the problem, establish the criteria which the analysis

1 3 Herman Kahn and Irwin Mann, Ten Cpmuon Pitfalls (Santa Monioas
Calif.: Rand Corp., RM 1937, 17 Jul3 y 1957), pp. 1-52.
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*• ,atisfy, and limit the scope of the study. If these items are

• strictly to the analyst, it is doubtful that the study will prove

t iv vw1 dotAly valid. In order to prevent this from occuring, the

originto" N lar" mAa his expertize available to the analyst at all

analyst normally kn-iming -itte = -nv=ýig a t -,tm- r n •

tigation prior to ccnencing his analysis.14 The second fallacy is

identified as "Vacuumitis," which is being too selective during data

collection. Data collection is a necessary element of operations re-

search; but it is possible to limit this collection to those items which

will support a preconceived con6lusion. These preconceptions may be the

analyst's or he may be influenced by sane other person or agency. In

any event this fallacy, if permitted to enter a study, will result in

conclusions which are invalid or of limited value.

Thus we see that what is new about operations research is its

il recognition as a scientific method with the resulting identification and

formalization of the various techniques employed in its utilization. As

technology increases in scopi and magnitude, the demand for technological

0 advances multiply the problems of research. There are many ways of ac-

conplishing research but the correct application of the techniques of

operations research will assist the researcher and docision-vaker to

more easily define the best sequence or sequences to pursue in his in-

vestigation. Thus it is apparent that operations research is devoted to

the understanding and characterizations of the operations or the systems

under analysis. However, in order to be really effective, the analysis

St iereard c . Koopman, "Fallacies in Operations Researoh," Oer-!~a~tione Research, August 1956.
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=a~t go more than surface deep. Modern scientific analyses provide pos-

sible solutions to problems; but these solutions are only as practical

and feasible au the people who define the problem,9 state the objectives

and choose the criteria. The analyst and the individual who initiated

the requirement must beware of the common pitfalls and fallacies and

carefully avoid them in order to achieve effective results in operations
research.

.4: il



CHAPTER II

THE AWAKENING

(Generals), extolled for standing still,
Or doing nothing with a deal of skill.

William Cowper 2

(1731-1800)

To understind the importance that operations research has played

in United States Army research and development, it is necessary to con-

sider the impact of U. S. civilian science and foreign scientific activ-

ity on these programs* It is also necessary to examine the Army's pos-

ture, atti1tude and activity in research and developuxent prior to World

War II. Hlistorically the armed forces of this country have been reliant

upon the nation's civilian inventors and industry to conceive and devel-

op improved equipmient. Despite this fact, new ideas and equiplent have

not been readily accepted and adopted by the armed forces. Hiowever, an

even more critical problem has been achieving and maintaining a readi-

ness posture in peacetime that will support the nation's requirements in

a future conflict.

Uid~ted States efforts to integrate civilian research and devel-

opment resources into the national defense structure have been primarily4 I based upon the criticality of the existent defense situation. In times

of peace the expenditure of time, effort and money has been limited. In

1Author' s substitution-exaot quotation reads WA~miralzH

2The Oxford Dictionary of Quotations (2d ed., Lrndons: Oxford
University Press, t953), p. 12
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wartine the emergency steps taken to overcome the slack doveloped during

0heyoa's of peace has been wasteful in t. ..a, money and manpower. For

successful pursuit of the war this slack must be quickly overcome.

-ýcmt the peaks and valleys of the research and development effort,

the civilian segment successfully maintaine~d its vitanomy and academic

freedom from the dominance and restrictions of the military. The reason v

for this adamant attitude by the civilian scientists has been their

belief that the inertia of the military and restrictions of its chain of

comand tended to stifle creative thought. 3 Despite these problems, a

very successful military-civilian research and development progi'aza has

evolved over the years. As technology and the complexity of warfare and

equipment increase, the desire and ability of the scien~tifi community

to meet these new challenges improve.

The Civil War was the occasion for the first formal integration

of the military and civiliano in the fields of research and developument.

To bring to bear, quickly and effectively, the available civilian scien-

tific and engineering strength of th6 North, Congress directed the
creation of the National Academiy of Sciences on 3 March 1863. This

I academy was composed of distinguished scientists and engineers, from the I
fields of mathematics, astronomy, physics, engineering, chemistry,

geology, paleontology, botany, bacteriology, zoology, anatomy, physiology,,

biochemistry, pathology, anthropology and psychology. Admission to this

distinguished body was through election by the general membership. Con-

gross initially limited the siz~e of the acadamy to fifty members but by

3 Irvun Stewart, _fanizin Scientific Researrh for War (Boatons
Little, B~rown nd Co., IO , p.M



thW beginng of World War 11 the size had increased t ove"r 300 mewbors,4

The National Academ of Sciences contributed signiflcantly to the devel-

uemnt of combat and combat support items which influenced military and

civilian activities world-wide.

In 1881, Cengresa recognized the necessity for developing a con-

tralised planning system for ordnance acquisitions. It directedthe

formation of a Gun Foundry Board to be made up of six Army and Navy ef-

ficoers under the chairmanship of Rear AdnirQl E. Simpson. The purpose

of the board was to investigate the relative merits of available navy

yards and army arsenals for possible conversion to making "modern" heavy

ordnance. The board visited England, France and Germany where they cl-

lacted data on the govermient operated foundries with their centralized

research, development and production of armaments. After collecting

this data the board returned to the United States to compare the situ-

ation in this country. Upon cmple*tion of their analysis, the board rm-

camended the development of two gun factories, ono Army and ens Navy.

They emphasised the need for centralized planning by the Army and the

Navy. The board also recamended that private enterpris, should be en-

couraged to work closely with the services and eatablish supporting

foundries. 5 Thus we can ce a recognitiou and continuation of the close

cooperation between thb U. S. rilitary and civilian oamunity to provide

the industrial strength and scientific talent to meet national exer-

gtncies.

In 1916, due to the ever-expanding scientific effort in support

id pp. 3-6

o (Washlngt a, D.C.:f G0vrrent PitnOfieIB)PP -Z ý50.
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of war preparations, the National Research Council was created within

the framework of the National Academy of Sciences. This council was

developed to insure the most effective coordination of civilian scien-

tific effort to support military requirements. Due to its usefulness ii

during the war, this council was made a permanent body to the National
Academy of Sciences by Decutive Order No. 2859 dated 11 May 1918. At
this time the council was sub-divided into divisions which operated in
the fields of foreign relations, educational relations, physical sciences,

engineering and industrial research, chemistry and chemical technology,

plogy and geography, medical sciences, biology and agriculture, an-

thropology and psychology. 6 As an adjunct to the council and in an if-

fort to continue the close relationship developed between ordnance and
private industry during the war, an ordnance-industry coordination team

was formed following World War I. By Spring I940, more than 1100 men

were engaged in National Research Council work. 7

The Ordnance Technical Cormittee was organized in 1919, to assist V,

in coordinating service requirements. Its specific purpose was to pro.
vide a forum where research and development projects under consideration

could be discussed, military characteristics determined and implementing
action jointly approved by the interested services. 8

Despite these progressive beginnings, the effectivenes, of the

research and development program conducted by the Army between World War

. ' 6Stewart, pp. 4-6.

7US Army Ordnance Departuent, Sketches of the Ordnance Researchand Develo1ent in World War II (Aberdeen, Md.t Aberdeen Proving Ground,
25 February 1947), p. 9.

G. M. Barnes, MG, USA(Rat), Weapons of World War II (New York:
D. Van Nostrand Co., Inc., 1947)o p.
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I and World War II was generally lacking in scope and depth. The condi-

tion of U. S. Army research and development during this period is well

illustrated in the comments of Brigadier General G. F. Doriot of the

Quartermaster Corps.

It has been said too often that the Army started this war with the •
equipment with which it had ended World War I. Actually the sit-
uation was much worse. Many items which had been developed as the
result of field experience in the mud and rain of northern Franc#
in 1917 and 1918 were "modified" in peacetime to be more suitable
for the garrison life at Fort Benning, Georgia, or Fort Sam Houston,
Texas. Even after the outbreak of the war, the importance of im-
proving immediately the existing equipment was not recognized by
many.... Furthermore, many of the items which are procured by
the QM Corps are commercial types. In y'ýacetime research had to be
carried out on Ordnance material because there were no commercial
types. On the other hand, it was felt by many that the U4 Corps
could and would accept standard commercial designs and items with-
out difficulty. No single point of view has perhaps done the Army
more harm than this one. There are extremely few commercial items
which are suitable for militarly use. The demands which the Army
places upon equipaant are such that the use of commercial items re-
sults in lower efficiency, higher casualties, and incidentally
higher costs. The inadequacies of existing equipment and the dan-
gers implicit in its use were brought out at once in the snow and
mud of supposedly tropical Africa and in the early campaigns in
the Aleutians # 9

From these ccoments we can see that prior to and during most of World

War II very little emphasis was placed on critically analyzing military

requirements. This attitude resulted in placing reliance on time con-

sur-ng trial and error solutions with extensive subsequent correction

and modification of the equipment. Before the war, due to the strict

lititations on research and development funds, most procurement was for

items of commercial design. This material was not specifically designed

for its adaptability to meet wartime requirements. During this period

9Erza Risch, United States Arny in World War II. The Technical
Services , Quartormster orj Orq Supatio ply and Services, Vol. I
(Washington, D.C. Office of the Chief of Mi yHist , Department
of the Army, 1953), pp. 55-56.

- ~ -~-~ - - - - - -- ~--4V1



TX.

20

research and development in the Quartermaster Corps was under the Direc-

tor of the Military Planning Division. The other technical services

* maintained their own in-house research and development activities,

* In the build-up period before the war, old surplus items were

issued instead of new ones because new ones had not been developed. The

:!ýtr Departnent's austerity program and policy of leaving most of the re-

search and development effort to civilian industry resulted in only nine

percent of the research and development flands requested by the technical

servicea in the six years proceeding the war remaining in the budget

when it reached Congress for approval. The limited research and devel-

opment activity conducted by the Army was not integrated or well planned

resulting in poor performance and inefficiency. '0

Although the U. S. research and development effort was in diffi-

culty, we were not alone. In 1939, the British discovered many of the

I same faults in their own research and development activities. The

British identified a definite requirement for the accomplishment of

scientific studies by personnel, who were outside normal military auth-

S~ority and its chain of command. The government recognized that field

commanders did not have the time nor the detachmant to objectively ex-

amine their own operations in a truly scientific manner Due to exter-

' I nal pressures to accomplish assigned missions, the commanders tried to

sake do with what they had rather than take the time, effort k.nd risk to

initiate changes. In addition. British scientists felt that the ilU-

tary professicn was too channelized and parochial to be able to properly

cbserve and collect the necessary data to devise appropriate corrective

j'Lba1. Pe .5

--



ZI

changes. In other words, these scientists and government officials be-

lieved that the military was too close to the problem and literally

could not see the forest for the trees. 11

On 3 September 1939, at eleven o'clock in the morning, the first

identifiable operations research group reported for duty witb the Royal

Air Force Fighter Command. This group consisted of four men-a phys-

icist, a communications engineer, a mathematician, and the leader who

was a radio engineer. These men were civilian scientists who had been

borrowed from a government research laboratory. The critical problem of

improving aircraft interception procedures and techniques was immediately

assigned to the group. 12

In 1940, Professor P. M. S. Blackett, advisor to the British

Royal Antiaircraft Ccmand, founded within that command a formal opera-

tions research group. Its area of study was confined to determining how

to use radar at the antiaircraft sites. 13 When this newly developed do-

vice was initially deployed to the antiaircraft sites, the developing

scientists were asked to advise on its proper employment. There was no

time for trial and error solutions with the Battle of Britain raging.

j By the use of analysis the scientists were able to recommend the most

effective antenna locations and how to interpret the radar signals. The

results of these precise mathematical and physical studies doubled the

IlGeneral Research Office, General Research Office oQarterly Re-
port, Vol. 1, No. I (Washington, D.C. General Research Office, The
Johns Hopkins University, 30 September 1948), pp. 6-9.

*2Craig M. Mooney, "Operational Research a Deciding )[ilitary
Science," Canadian Bue.nesq, July 1954.

13L. R. Thiesmeyer and J. E. Bu-chard, Combat Scientists (Boston:
Little, Brown and Co., 194?), p. 25; GRO, GRO Report, Vol. 1, No. 1,
pp. 6-9.
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effectiveness of the whole air defense system.14 hot only were the

antiaircraft gun defenses improved but early warning and intercept pro-

cedures were also revamped to provide a much more responsive and effec-

tive utilization of available aircraft.

The technological and scientific efforts of these two operations

research groups in support of the Royal Air Force and the Royal Antiair-

craft Camiand materially assisted in inflicting a decisive defeat on the
German Luftwaffe during the Battle of Britain. During the first two

weeks of their attack the Luftwaffe lost over 600 planes to Britain's

259. By the 7th of September, with the ccaencement of the London Blitz,
1000 German planes had been lost. By the time the assault ended in

October, the Germans had lost over 1700 aircraft to Britain's 900.15

These results were sufficiently important to impress British government

and military leaders of the validity of operations research and led to

the assignment of operations research groups into other areas o. interest.

The ultimate result was that British civilian scientists served with

their armed forces in every operational theater.16

Meanwhile in the United States, vecognizing the need for better
utilization of the available civilian inventive and scientific talent of

this country, the President established the National Defense Research

Comittee in June 1940. 1 7  This comuittee consisted of leading civilian

14 Don K. Price, Goverrment and Science (New York: New York Unz-
Yersity Press, 1954), p. 126.

15moonley,
16GR0, GRO Repo t, Vol. 1, No. 1, pp. 6-9.

17US War Department, Lo stics in World War Il--Final Report ofArmSeyvice Force (Washington,-D.C.i A Report to the Under Secre-
tary of War and the Chief of Staff by Director of Supply, Service and
Procureuent Division, War Department General Staff, 10 November 1947),
pp•. 1-9.

I'i
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scientists headed by Dr. Vannevar Bush, electrical engineer and Presi-

dttol th6 (6arnoglo Institutiton of Washington. Other members off the

coittee were: Rear Admiral Harold G. Bowen; Conway Peyton Coe# Com~mis-.

sioner of Patents, attorney; Dr. Karl Taylor Compton, President of MIT,

rhiysicist; James Bryant Conant, President of Harvard University, chemist;

Frank Baldwin Jewett, President of the National Academy of Sciences and

President of the Bell Telephone Laboratories, electrical engineer;,

Brigadier General George V. Strong (later replaced by Brigadier General

R, C. Moore); Richard Chace Tolman, Professor of Physical Chemistry and

Mathematical Physics, California Instituxte of Technology, physicist.18

The first Army liaison officer to this organizati~on w~as Major General

Gdeon M Barnes of h Ordnance Department. 1 9

The purpose of the National, Defense Research Co~mmittee (Nu1RC)

was to focus more of the latent scientific talent of tha nation on min-.

tary requirements--especially that scientific* talent available in the

nation's educational institutions. 20 This commiittee would provide

necessary scientific support during mobiliz~ation; generate possible and

feasible weapons systems, equipment, etc.*; and render scientific advice

to the military on the selection and employment of these items.* To ac-

complish this support the coiiittee was sub-divided into divisionst

Division A -Arm~or and Ordnance

Division B -Bombs, Fuels, Gases and Chemicals

Division C -Ccumunication adTransportation

J8Stewart, pp. 12-14.

19C. M. Green, Harry C, Thom~son and Peter C. Hoots, United States
Arm in World War II1. Tlxe Technical Services, The Ordnance Department;

Planin Muitons for War (Washington, D.C.t Office of tho Chief of Mil-
itary History, Dapartaent of the Aray, 1955), p. 226.

20Hrn~*,pp. 6-l
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Division D - Detection, Controls and Instruments

Division E - Patents and Inventions2 1

The NIRC operated primarily through contracts with universities

ad other research agencies. 2 2 Upon its establishment the ccmmittee was

assigned eighteen projects in the field of ammunition research. Later

the NDRC was made responsible for most of the basic and long range research

for military hardware. The unfettered research climate of this organiza-

tion encouraged the widest application of scientific knowledge in prob-

lem-solving.
2 3

Following the formation of the NUC, the Army in-house research

and development agencies generally restricted their efforts to technical

research. The fields of basic and long range research were left to -the

civilians, Only in the field of ballistics was the Aauy free to pursue

all aspects of research. After 1940 the civilian scientists undertook

ballistics research, This left Ordnance primarily in the business of

design and development.24

In July 1940, a non-resident body of eminent scientists was ap-

pointed to advise the Ballistics Research Laboratory (HL) of Ord-

nance Department at Aberdeen, Maryland. This laboratory was headed by

Colonel Hermann H. Zornig. The group of civilian physicists and chem-

ists was entitled the Scientific Advisory Council and was made up of the

following scientists: Oswald Veblon of the Listitute for Advanced Study

II
2 iStewart, pp. 12-14.

221bid.

2 3Gren, eat Ie., p. 218.
2 41bid., p. 219.
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at Princeton, Edwrin Hubble of the Mount Wilson Observatory, Thomas H.

Johnson of th-3 Bartol Foundation, Joseph E. Moyer of Columbia Univer-

sity, Edward J. IMcShano of the University of Virginia, David L. Webster

of Leland Stanford and others. The council undertook basic research for

the BalliatieG laboratory, The Scientific Advisory Council. proved to be

a v~ery valuable orgcnization throughout the war and was responsible for

many important scientific discoveries. 2 5

In the fall of 1940, at the request of the Ordnance Departmient,

twenty-nine district groups were organized to support the various ord-

nance akftivities around the country. The district groups functioned

primarily as engineering advisory coimmittees for a particular type of

ordnance--tank, gun-forging, automotive, etc. Initially these groups

were to bo only temporary in nature, however, due to tleir success, they

were maintained throughout the war at the request of the civilian war

industry. The role of the comimittees eventually evolved fromi technical

I ~engineering advice to industrial integration com?-1ittees. This change

I was caused by a change in emphasis from engineering problems to produe-

tion problems.2 6

In March 1941i following the signing nf the Lend Lease Act, im-

mediate siteps were taken to exchange technical and industrial information

with the Britiaii. At the same time extensive inter-nation development

planning was being conducted by the U. S. and Great Brit~ain, The Nat-

ional Rosearch Development Co~rmittee established a branch office in Lon-

~. ~. don~. In April the British Central Scientific Offioe was opened in

2 5Thid., p. 226.

261j1jij*, pp. 231-232,



26

Washington, D.C., under a distinguished British physicist. In May

Special Observer Group was sent to London to study British military and

manufacturing establiskments. 2 7

The Oifice of Scientific Research and Development (OSRD) super-

ceded the National Research Development Committee (NRDC) on 28 June i14.

See Figure 3 for a diagram of the evolutionary development of civilian

scientific support of the United States Army research and development

program. The change from NRDC to OSRD was made by the President in Exec-

utive Order No. 8807 at the suggestion of Dr. Bush. It provided an

agency to insure continuity of the armed services research and develop-

ment programs frcm initiation through procurement. At the time this

change was roccmmended the procedures being used by the armed services

were neither integrated nor efficient. In addition, NRDC efforts were

not being effectively correlated with the research and development

activities of the military services.2 8

The 03RD initially consisted of the Advisory Council, National

Defense Research Committee, the Committee on Medical Research, Adminis-

trative Office and Liaison Office (for liaison with allied government

research activities). Later tw, more principal sub-divisions were or-

ganized-the Scientific Personnel Office and the Office of Field %r-

vices. Both of these activities assumed increasingly important roles in

U. S. operations research as the Scientific Personnel Office procured

and processed the scientific personnel and the Office of Field Seorices

2?Ibid., pp. 267-271

28Stewart, pp. 35-37.
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National Academy of SOLDQOS]a (1863.196-)
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I FIGURE 3
E'volution of Civilian Support of U. S, Military Research and Dovelopment.
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(OFS) was the operational agency using their talents. 2 9

On 29 July 1941, the Office of the Chief of Research and Engin-

eering of the Ordnance Department absorbed the Technical Staff of the

Ordnance Department. The position of the Assistant Chief of Industrial

Service for Research and Engineering was also integrated into the Office

of the Chief of Research and Engineering. This office then became res-

ponsible for all research, development and engineering activities in the

Ordnance Department. This change elevated research and development to

division level within the Ordnance Department; but it was not important

enough to rate a separate division. 3 0

From these early beginnings, the Army and the nation underwent a

period of awakening and soul-searching in trying to solve their problems

of military research and development. Prior to the threat of World War

II and the release of research and development funds. research and do-

velopment activities of the United States Army were very limited in scope

'j and quality. Historically reliant upon American civilian scientists and

industry for most of its basic research and production of materiel, the

Army fomid itself with inferior equipment and few new ideas at the be-

ginning of the war. Faced with many of the same problems, the British

very successfully integrated the knowledge and abilities of their civil-

ian scientists in a program to augment the military efforts. The suc-

cess of thia British program was used by U. S. scientists to gain sup-

port for their offorta to develop an autonomous civilian scientific or-

ganirAtion to augment U. S. military research and development. Althoug4

29Ibid.

3 0Barnes, PP. 3-6.

I7-7
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there was no direct entry into the field of operations research by the U.

S. prior to World War II, American military and civilian researchers were

using many of the techniques that would later be identified as operations

research. With the advent of the National Research and Development Com-

mittee (NRDC) and its enlarged successor, the Office of Scientific Re-

search and Development (OSRD), the foundations were laid for a systematic,

integrated and productive use of civilian scientific talent to support

the national research and development programw. This freed the technical

serviced of the Army and Navy from the more time-consuming basic and long

range research, and allied the military services to concentrate on

applied research.

Ai.1tw



CHAPTE III

CHILD OF WAR

Never in the field of human conflict
was so much owed by so many to so few.

Winston Leonard Spencer ChurchillM
(1874-1965)

British success in applying operations research to its military

problems in th6 early stages of World War II w" not lost on the Ameri-

can scientific camunityo The creAtion of tho Office of 3cInAfic Re-

search and Development (0SRD) providcd tho vehicle and the impetus to

thrust the United States firmly into the field of oparations research.

Shortly after the U. S. entered World Wa' II the U. S. mils. Lry began to

establish and deploy suppoiting operations research groups. During the

* early months of the war eac OkVioe dieo U.ped operations research groups

specifically tailored tG support the separate service programs. Not un

til later was there any effort made to coordinate and integrate opera-

tions research activities throughout the U. S. research and development

program.

The U. S. Navy was primarily interested in improving their know-

ledge in the fields of mine and submarine warfare and developed operations

research groups to study these problems. Early in 1942, a small informal

group headed by Dr. Ellis A, Johnson was formed at the Naval Ordnance

Tlboratory. This group was assigned the mission of studying mine warfare

IThe Oxford Dictiona&r of Quotations (2d od., Loadons Oxford
University Prove, 1955X p, 144 o
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and mine warfare countermeasures. In May 1942, the Navy also estab-

lished the Anti-Submarine Warfare Operations Research Group (ASWaRG)

through the National Research Defense Comdittee under contract with

Columbia University. The mission of the ASWOCG was to assist the Navy

in developing anti-8ubmarine warfare tactics, weapons, and material.

Dr. Philip Morse was the first director of ASWORG and most of his assis-

tants were physical scientists and mathematicians. 2

The Army Air Corps was the first Army element to actively employ

operations research. In early t9I2, the Air Corps organized several op-

orations research groups similar to the ones deployed with the Royal Air

Force of Britain. 3  The first Air Corps operations research groups were

assigned to the strategic and tactical air forces in Europe and %he

Mediterranean. 4  The most effective of these operations research groups

was the one assigned to the 9th Air Force in Europe. This group was

headed by Dr. Lauriston Taylor, formerly with the U. S. Bureau of Stan-

dards. Dr. Taylor and most of his assigned scientists were physicists. 5

The results of the analyses by Dr. Taylor's group provd to be so valu-

? able that the U. S. air forces in other theaters submitted requests for

similar support. Eventually more than a hundred civilian scientists

were occupied in this program. Throughout the war the primary effort of

these groups was devoted to the analysis of bombing tactics and related

2 Ly% = H. Rumbaugh, A Look at US OReratons Research--Past
and Present (Washington, D.C. : Research Analysis Corp., RAC-TP-102, April

j)7, pp. 1-3; Lincoln R. Thiesmayer and John E. Burchard, Cmbat Scien-
tists (Boston: Little, Brown an CGo,, 147), pp, 25-26,

3Rumbaugh, pp. 1-3.
4 fUaesmeyer, pp. 25-26.

5ftabauigh, pp. 2-3.

. ..... ...-- - .-... .



52

weapon systems in order to improve the results achieved and simultaneous.-

ly reduce the losses in men and equiiiment. 6

The Army Air Corps also created tbq Operations Analysis Division

as a major element of Air Corps Headquarters, This division was placed

under the direction of Colonel W. Barton Leach. Colonel Leach in peace-

time was a faculty member of the Harvard law School. Throughout World

War II the Operations Analysis Division was one of the most significant

repositorios of useful information on operations research in the Army.

* This was the agency that provided the continuity and detailed analysis

to back up the efforts of the field operations research groups.7

In early 19ý2, Secretary of War Henry L. Stimson made an inspect-

ion of the Panama Canal Zone. During his inspection many deficiencies

in the defensive system and plans were discovered, Upon his return.Sec-

rotary Stimson conferred with Dr. Vannevar Bush, Director of the Office

of Scientific Research and Development (03RD), to determine the most ef-

fective means of obtaining promipt detached ticientifio analysis of the

unusual and insistent defense problems of the Canal Zone. Dr. Bush re-

ccommendod the establishment of an operations research group within the

War Department. Such a group was coammissioned and assigned the mission

of developing plans and materiel to assist in the defense of the canal.8

Additional Army groups were formed by th* Signal Corps and Ord-

nance Department. The Signal Corps organized an Operational Research

Division headed by Professor William L. Everitt,, a well-known caimunica-

tions eangineer from Ohio State University. The primary mission of this

;Ij~ 6Thiesmeyer, pp. 25-26.

7Ibid.

8Ibid. p. 25.
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division was to analyze reports of communications perfozzance developed

at field communications stations in order to produce more effective in-

struction manuals. 9 In addition the Operational Research Division

studied various operational problems:

I) Characteristics of wave propagation were ex'amined to discover
a means of obtaining optimum results from ground and air ccmmun-
ications equipment,

2) The problems of coordinating the oeration of units into a
single system were examined and recommendations made for elimin-
ation of the detrimental effects of interference caused by oper-
ation of multiple units within a restricted area*
3) The means of improving training methods and maintenance and
servicing procedures were investigated,
4) Inquiry was made into the effect of such factors as vision,
fatigue, and personal efficiency of operating personnel on ground
anda.r communications equipment. 1 0

The Ordnance Department sponsored a group called the Ballistics Research

Annex, which was placed under the direction of Major Leslie E. Simon.

The Annex was directed to conduct ballistics analysis in support of the

Ballistics Research Laboratory using the University of Pennsylv•n.iafs

differential analyzer.° 1

In addition to all these formal groups established by the armed

services and the Office of Scientific Research and Development (OSRD),

there were many informal uses of operations research throughout the war.

This type of activity is typified by an impromptu analysis made by Lynn

H.NRkbaugh, subsequently a director of the Research Analysis Corporation.

9Rumbaugh, pp$ 3-6.

IOUS War Department, Aual Rop~ort of t he. Las Forces for

the Fiscal Year 1943 (Washington, D.C.: A Report to the Under Secretary
of War and the Chief of Staff by the Director of the Service, Supply and
Procurement Division, War Department General Staff, August 19 4 3), pp. 6-7.

1IC. M. Green, Harry C. Thomson and Peter C. Roots, United States
AIWin World War IL. The Technical Services, The Ordnance Dop~rtment:

Pla~nning Munitions for War (Washington, D.C. s Office of the Chief of Mil-
itary History, Department of the Army, 1955), p. 226.
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In June 1942, with no formal support or direction, Mr. !>•baugh was re-

quested to go to Australia to conduct an on-the-spot analysis of the

raid on Sydney Harbor by four Japanese miniature (eighty-foot) sub-

, ins. 1 2

These early operations research groups were quite small and us-

ually supported a specific organization or activity. However, as opera-

tions research activities increased in magnitude and the requirements

for military and industrial manpower expanded, conflict developed in

properly managing available scientific talent. The operations research

scientists of World War II were primarily physicists, engineers and

mathematicians who were in short supply throughout the war. Howevwr,

there were many notable exceptions. The 1r!'Uih discovered early that

natural scientists with their training in making measurements and obser-

vations among a clutter of unc itrolled variables were very useful in

operations research analysis. The United States added the talents of

other disciplines including lawyers, such as John Marshall Harlan-who

wat later an associate justice of the United States Supreme Court. 1 3

Many operations research groups established during the early

part of the war found much of their effort being absorbed in vork:L on

problems generated by the various field commands. Most of these prob-

lemis were technical in nature and were quite foreign to those of statis-

tical and analytical analysis typical of operations research. However,

"because of their scientifio background and their professional assooiations,

12Rulmbugh, pp. 1-3.

131bid.

p. .
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the operations research scientists ..ould cut through a lot of red tape

and get prompt anvrs and results. The rapid transmission of such re-

quests to other technical scientists and agencies more adopt at solving

this type of problem reduced the time required to develop new or modify

-existing equipment. One result ef this situation vas the planned incor-

poration of weapons experts withir operations research groups.14

Early in 193, Dr. Bush thought the Office of Scientific Research

and Development (O•RD) should establish a sub-division specifically de-

voted to the integration of all demands for operations research support.

Dr. Bush also believed that operations research should be used by the

military services , but he reoognit A that OSID would have tv bear the

brunt of providing the additional scientific manpower to satisfy the

service requreUments. To resolve this problem, Dr. Bush oamissioned

Mr. Carroll L. Wilson, his executive assistant in OSRD, to organize a

comittee to study military requireoents for oparatieos research and

other field scientific assistance. This study beeame the basis for the

developient of a new sub-division of OSRD. 1 5

Upon completion oZ the study, Mr. Wilson recamended assigning

the now sub-division the responsibility for supervision, direction, co-
ordination and integration of all activities of a field-service nature.

This included all services by 05RD or its contractors and incorpated

not only operations analysis but also field engineering of installatiens,
naintnaoce and medifioatio of equipaent; organisatien and operation of

laboratories established in war thsAtors; felol consultation anw the

14Thi mapr, pp. 26-7.

pp. 2&29.
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work of special ccumittees or missions for the study of field problems;

and exchange of scientific information obtained from military operations.16

On examining this study Dr. Bush determined that the recommenda-

tions, if adopted, would satisfy field requirements for operation,; re-

search, technical advice, representatives, liaison, etc. Initially he

considered naming this sub-division of OSRD the Operations Analysis Div-

ision. Later however, Dr. Bush decided that the Office of Field Services

was a more descriptive and coprehensive label. The announcement of the

organisation of the Office of Field Services (OFS) was made by Dr. Bush

on 15 October 193. OFS was formally established by OSRD Administrative

Order No. 4 on 8 November 1943. Its staff consisted of Dr. Karl T.

Compton, President MIT, chief; Dr. Alan T. Waterman, associate professor

of physics on leave from Yale, deputy chief; and Dr. Lincoln R. Thies-

meyer, geologist and member of the Anti-Submarine Warfare Operations Re-

search Group, head technical aide.

The OFS was assigned the following functions:

Under the general supervision and direction of the Director, the
Office of Field Services shall direct, supervise and coordtinate
the rendering by the Office of Scientific Research and Develop-
ment or its contractors to the Armed Services of the United
States and its allies of certain field services designed to (i)
make the most effective possible use of develop'nents by the
United States or its allies on mechanisms or devices of warfare
or in military medicine, and (ii) minimize the effectiveness of
any such developments made by the enesq, especially those in
combat use. Principal among such services shall be operational
research, field engineering, the organiratimi and operation of
laboratories established in military fields of operation, the
work of ad hoc ccommittoes or missions for special study of field
problems, the analysis of information contained in reports or
derived from consultations concerning scientific problems aris-
ing in conmeotion with nilitwr combat opemtions, and, subject

1 6 Ibid.

1p. 67.

I.A ....--



37
to the policies fixed by the Scientific Personnel Office, the
employment and training of personnel needed for such activities.1 8

The varied functions of (FS fell generally into the following

major categoriess

(1) procurement and processing of civilian specialists ir science
and technology for loan to war activities, predominantly for temp-
orary duty overseas in theaters of military operations; (2) indoc-
trination of personnel procured for field service in developments
of NItC, in military procedures, or in the application of certain
scientific techniques to problems of warfare; (3) establishment,
staffing and supervision of "projects" on direct request from the
armed forces, both at home and abroad; these covered a broad range
both geographically and in the fields of special scientific know-
ledge; (4) informal assistance from both the central office of OFSand from its field men to the Army, the Navy, units of OSRD,or
other war activities in matters of procuring scientific personnel,exchanging technical information or setting up and manning activi-
ties that had scientific or technical aspects; (5) infoiial assis-tance in the placement of officers, enlisted personnel, or draftees
with technical background; (6) infrz assistance to NRC divi-
sions in promoting field missions.17

The services rendered by OFS included:

• • . analysis and outlining of problems in which civilian aid
could prove helpful; analysis of military and naval operationsresulting in recommendations for revision of tactics; assist-
ance with installation and maintenance of equipment or with
training of military personnel in its proper use; analysis of
the performance of new weapons and devices under field combatconditions, which might result in modifications back at thelaboratorias; assistance in promoting the flTw of technical in-

foiration between laboratories and production plants and the
field users; assistance in the procurement of scientific intel-
ligence; counsel on improving the utilization of personnel
within the armed forces. 2 0

Dr. Bush made an administrative decision to exclude most of the

operations research groups already organized and operating in the field
from the direction and supervision of CS. This decision resulted in

18Irvin Stewart, OM lanizing ScientD=f Reearh for Waa (Bostons
Little, Brown and Co., 19mg). p. 129.

19rbid., p. 130.

2 0 1_bId. p. 131.
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focusing 0FS interest primarily in the Pacific area as the European area

was well supported by existing operations research groups. In the

Pacific the Army Air Corps had deployed operations research sections

with the nibered air force headquarters. This left tUe Navy and the Army

ground forces as the most profitable potential users of OFS services.

Although the Navy was the first service to take notice of the creation

of the Office of Field Services and to make use of it. the Army became

its largest custcaer. Out of a total of eighty-seven separate projects

undertaken by 07S, fifty-five were Army sponsored and ten were joint re-

quiroments of both the Army and Navy. The remaining twenty-trw projects

were sponsored by the Navy or another goverment agency. 2 1

Initially the War Department designated its Operations Division

to be primarily the Armys liaison with 3FS. It soon became apparent

that the number of personnel actions required to support 0CS field opera-

tions exceeded the ability of the Operations Division to process them.

This division was already under very heavy pressure trying to keep up

with all tha operational matters fro the ever-expanding theaters of op-

erations. Consequently, the responsibility for liaision with CPS vas

shifted to the New Developmnts Division of the War Departaent. This
division remained the Airmy's major administrative channel for field sor-

vices during the re•ainder of the war.22

To initiate the Office of Field Services activities in the

Pacific area, Dr. Copton made a liaison visit in January 194 to

solicit raquirewnts and establish contacts with the military commuan rs

2 1Thiesseyer, P. 39.

pp. ~-1
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and an scientific groups already deployed there. Dr. Compton was warmly

received on his first stop in Hawaii. Hie conferred with Admiral Chester

A. Nimitz, Camsiander in Chief, Central Pacific Area; Lieutenant General

Robert C. Richardson, Coxmmanding General, Army Forces Central Pacific

Area; Brigadier General William 0. Ryan, Commanding General, Pacific

Wing; and others, Frmi this successful beginning, Dr. Comipton continued

on to Australia. In Australia General MacArthur enthusiastically received

Dr. Comptorts reconmendations for the establishment of supporting field

r.--jects in the Southwest Pacific Area. These field projects would be

staffed and supported through OFS and 03RD. To insure the proper comi-

*mand support for these projects, General MacArthur directed Major

General Spencer B. Akin, his signal officer, to act for him in future

discussions and matters. -f organization.

~ Following his successful meeting with MacArthur, Dr. Compton re-

turned to the U. S. by way of the South Pacific Area Headquarters at

Noumea whore he lunched with Admiral John Franklin Shafroth, Jr., the

4 iarea deputy commander in chief. He also conferred with Lieutenant Gen-

oral Mill~ard F. Harmon, Jr., and his brother, Major General Hubert R,

Harmon, who cocmmanded the Thirteenth Air Force. Each of these officers

Al expressed an intense interest in obtaining increased scientific and en-

_ýA gineering help. The operational research section, which Colonel Leach

had assigned to the Thirteenth Air Force, had been so effective that Dr.

Ccampton did not have any difficulty selling the local ground force comn-

manders on the detsirability of expanding this type of activity to their

operations. General Millard Harmon specifically requested a tailored

group to study and advise on jungle warfare problems. Dr. Comupton was

very impressed by this warm reception in Noumea and felt that the South

AL
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Pacific Area cemAnders had progressed further in analyzing their needs

than the other Pacific headquarters.23

Armed with these requirements from the field, Dr. Compton rushed

back to Washington to get OFS moving, The Office of Field Services

began in a very limited fashion; but by the end of the war it had die-

patched over 300 scientists and technical men overseas--two-thirds to

the Pacific area. OFS also assigned approximately 200 men to projects

in the U. S. Throughout the wgr much of the OFS office staff effort was

devoted to giving advice and answering questions originating frcm the

CPS and other field operations research groups.-"

Two major branch offices of the UFS were eventually established

in the Pacific area--one at Oahu, Hawaii and the other at Brisbane, Aus-

tralia. The latter was eventually moved frcs Brisbane to Hollandia, New

Guinea, then on to Leyte and finally to Ynila in the Philippines. Dr.

George R. garrison was selected to head the Australian Branch, which was

desigrAted the Research Section of the Signal Office in MacArthur's

headquarters. Although this office was under the general staff super-

visioAn of General Akin, it functioned as an unwanted step-child through

a year of frustrating island-hopping, fragmented effort, and ccmmmica-

tions and travel problems that limited :'ll utilization. Finally, in

the Summer of 1945, permission was granted to establish a more permanent

office in Manila. This office vas to bW complete with high level operu-

ting channels And the support that had previously been deonied due to the

rapidly changing situation.

23bid.. pp. 30-31, 41-42.

Zpp. 48-50.
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Thu Office established in Oahu, Hawaii, under the leadership of

Dv. Lauriston C, Marshall, a physicist from the faculty of the University

of California and a former director of the British Branch Radiation Lab-

oratory, was more fortunate. After its arrival in May of 1944, it was

given permanent working areas and support and it became the nerve center

for most of the operations research effort conducted in the Pacific area.

The office was eventually expanded to nearly fifty scientific personnel.

Care wat taken to insure cooperation and prevent duplication of existing

operations research sections which were already assigned to numbered air

force headquarters throughout the theater. 25

Two types of problems were most ccmmonly directed to World War

II operations research groups for study and advice. These problems took

the form of work simplification and operational problems. The work aim-

plification problems covered the broad spectrum from processing intelli-

gence documents and eliminating umnecessary travel to examining and re-

26commending heavy construction techniques.

Some of the operational problems undertaken by operations re-

search groups during World War II were of the following type:

What patterns of flight for an air patrol will give the best pro-
tective coverage against uubmarines to convoys of various sizes,
shapes and speeds?

Would a hundred 50 pound bombs create greater or less damage to a
certain type of target than five 1,000 pound bombs?

With a particular canbination of weapons and tactics, what effects
does modification of either the equipment or the procedures have
on the probabiAity of success in either offense or defensev2 7

251bid.. pp. 48-5z.

Ibid., pp. 202-212.

27 .id.,, pp. 23-24.
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Operations research during World War II had a direct role in in-

itiating requirements for and developing many new ideas into usable de-

vices. Operations research scientists were also asked to recoemend the

most effective employment of these new devices and other in-service

items. Some typical examples of new developments in which operations V

research played a part are% radar, counter-radar devices and tactics,

anti-submarine warfare tactics, bombing tactics and loads, the VT fuse,

rockets and bazookas, ground approach radar, Loran navigation system,

frangible ammunition, hypervelocity guns and improved machine gun bar-
role, electronic antiaircraft director and many other items including a

28whole new generation of land and sea-going vehicles.

Following the surrender of Germany more wan more of the avail-

able operations research support was transferred to the Pacific area.

Recognizing that the continued existene of the CPS and its parent or-

ganization, OSRD, was only temporary, Dr. Bush began casting about for a

means of continuing this type of effort during peacetime. 2 9 Earlier, in

June 1944, the need for continuing long-term fundamental research was

recognized by the Secretary of the Navy and the Secretary of War. They

recoimended thv formation of an interim Research Board for National

Security. This board was to be made up of distinguished civilian

2 8 Stewart, pp. 161-164; James Phinney Baxter, 3d, Scientists
Agrainst Time (Boston: Little, Brown and Co., 1948), pp. 100-117; Don K.
Price, Government and Science (New York: New York University Press,

s1954) ) p. 175.

29S War Department, Annual Report of the Army Service Forces
for the Fiscal Year !945 (Washington, D.C.s A Report to the Under Secre-
tary of War and the Chief of Staff by the Director of the Service,

Supply and Procurement Diviiosi, War Departmt General Staff, W Movm-4er i947), pp. 159-16o.
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scientists under the auspices of the National Academy of Sciences. As a

result of this racaiuendation, the Joint Research and Development Board

was organized in early- 19I45 with fiften oik sixteen subordinate committees

in various specialty fields. Legislation for eotablislmlent of a permanent

postwar board was introduced in Congress in 194'5 and approved in 19146.

The commattees of the Joint Research and Development Board in-

alrided representatives of the militar-y services and several eminent

civilian soientists-aine who served as the committee chairman. The pur-

pose of these 4uuiittees was to review the various research programs of

the military, to advise on ways to accomeplishi the programs, and to up-

date the services in the latest scientific thought. Each comitt~o had

subordinate panels and subpanels; and altogether this represented a fine

deliberative a" decision-caking forum.30

The creation of the Joint Research and Developmient Board comit-

toes was accomepanied with several advantages and disadvantages. One of

the most significant advantages was that it forced the military to re-

view its programs before relatively impartial outside experts. In addi-1tion, the existence of the ccmuittses kept many of the most ecepetent
scientists in close association with the milittary services during peace-

time. But this system also hW some marked disadv, *soe. The ten to

fifteen days per year part-time service rendered by the civilian scien-

tists rest~ricted the depth of their knowledge of the uilitaryr situation.

This lack of knwladge limited the validity of their recotsndationa.

Another disadvantage was the difficulty in obtaining the services of qual-

Ified scientists* Some fields had sufficient =xperts available in civil

I 30 PM oe, pp. 1415

777..77.



life (atomic energy and aeronautics) but these experts were often diffi-

cult to recruit for specific advice applicable to military requirements

eopqeially in developing new techniques of warfare, new weapons and

solvinig no operational problems. 31

In September 1547, under the provisions of the National Security

Act of i947, whhch established the Department of Defense and reorganized

the War Department and the Navy Department, the Research and Development

Board was established within the Department of Defense- This board pro-

vided centralized direction to defense research and development activi-

ties and conducted special research projects for the Department of Def-

ense, The Research and Development Board was made up of both military

and civilian scientists eho shared research and development authority

and responsibility. 3 2

In tL* Fall of 1947, following the reorganization of the Defense

Department, the Weapons Systems Evaluation Group (WSEW) was developed as

an adjunct !f the Joint Chiefs of Staff. This agency provided a forum

to encourage inter-service ccomunication, integration and correlation of
researoh and development efforts in weapons systems,3

The Army had not been idle during this period following the war.

Impressed by the success of the operations research groups which had

served in the field and laboratory, the Army 'took control of and contin-

ued many of these groups when the war ended* As it would hay, been dif-

ficult to maintain the field service offices, the operations research

311bid., pp. 144•1I•6.

N2 Grean, at al., p. 231.

33Rumbugh. p. 5#
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activities in the Army foallowring World War 11 were generally restricted v

to laboratory studies, Most post-wiar operations research effort was de-

voted to analyzing the mass of data collected during the war.-*

In summaory, operations research in World War II grew from infancy

to mature chilelhood thn the late Sir Winston Churchill spoke so stir-

ringly "seldf~o have so many "-,d so much to so few,"' he might, vell have

been speaking of the operations research scientists Instead of or in ad-

41tion to the fighter pilots of the UAF. 35 moat applications of opera-

tions research during World War II were in the field of reapons and

equipment use, but operations research also contributed significantly to

the developmient of new equipment to satisfy rcquireexents from the field.

To assist in this task a special organization, the Office of Field Sor-

vices, was established within the Office of Scientific Research and Do-

v'olopm~ent. The Office of Field Services provided a more responsive

source of technical and scientific aid and augmented previously estab-

31shodw operationsz research groups sevn wihtivros hue air

forces and other army elements. By the end of the war operations re-

:.j search groups 4ere deployed in over-y theater and had proved their values

aaa tlimes over. The application and iuportance of operations research

during World War 31 is very well sumitarized by the camiento of Admiral

Ernest J. King. U. S. Navy, in a final report submitted to the Secretary

of the Navy during September 1945:

The comuplexity of modern warfare in both methods and mans douands
exacting an~alysis of the measures and counterneasures introduced

at every stage by ourselves and the enemy. Scientific research can

Y115S War Dapartment, nnunal Ren~ert AS?, ff 45, pp. 156-i600

3 5Price, p. 126; E. S. Qiado,, hilt Analysi&u (Snts xMoica.

Calif.t Rand Corp., Moem IRI '46O P. November 1965)v pp. 1-3.
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not only speed the invention and production of weapons but also as-
sist in insuring their correct use. The application, by qualified
scientists, of the scientific method to the improvement of naval
operating techniques and material, has come to be called "operations
research." Scientists engaged in operations research are experts
who advise that part of the Navy which is using the weapons and
craft--the fleets themselves. To function effectively they must
work under the direction of, and have close personal contact with,
the officers who plan and carry out operations of war * op-
orations research as it developed, fell into two main categories;
theoretical analysis of tactics, strategy and the equipuent otwar
on one hard; statistical analysis of operations on the other. 7

As the war ended, the Office of Field Services and the Office of Scien-

tific Research and Development, were eliminated but steps were taken to

establish joint boards combining both military and civilian scientists

to continue the wartime relationships and insure continuity in the re-

search and development programs.

36p. M. Morse and G. E. Kimball, Methods of rations Research
(1st ed. rev.: New York: The Technology Preo of Massachusetts Instituto
of Teohnology and John Wiley and Sons, Inc., 1952), p. 3.
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CHAPTW IV

EVOLUTION TO MATURITY'

War is much too serious a thing to be left to military mnen

Che~rks-MAurice De Talleyrand1
(1754-1838)

Due to the ne:iress ef the method, operations research activities

conducted during World War TT were primarily limited to analyses of

action problems involving aircraft, ships, submarines and simple weapons

systems. This type of problem was essentially two dimensional with the

general characteristics of a duel. Comuplex interaction problems wore

not undertaken, Most data to support these World War II operations pro-

jects was obtained fromthe field forces ofthe Army. 2

With the phasing out of the Office of Scientific Research and

Development (03RD) at the and of World War II, the armed forces were

I forced to fill the vacuum created by the resultant loss of scientific

support. This loss was especially felt in the field of basic research

because OSRD haid sponsored most of the basic research accomplished by

the U. S. during the war. The Joint Research and Developmnet Board and

various military research groups such as the Navy's Operations EValn-

atiokis (iroup (OEO), th- A4- Force's operations analysis groups, mid tho

1T-h Oxf ord Li ~pMok Qiobationa (Zd ed. , Lundon: Oxford
University Press, i95 5o

211=n H. Rtzbanghp Lqo af ES ~mO~ati R ah-Past

andPre~mfi 4 (Nooa~n, Va.$ ROc2,04rh Anlys~is cw~v,,o Paper WA-0P-

10-2,A~prý 964),p. 5
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ArM's technical services were the principal agencies continuing opera-

tions research inmediately fo~lloing the war.3

The next stop in the developmient of operations research by the

ArMy was the adoption of the contractual agency concept. The Air Force

* ~initiated this type of association in March 1946 with the development of /

Project RAND through the Douglas Aircraft Company. In 1948, Project

RAND becamie the Rand Corporation. The Rand Corporation has remained a

primary operations research agency for the Mir Force.4

The Army's first venture with a contract agency, the General

Research Office (GRO),, was formally initiated in July i9ý'8, with a one

million dollar contract negotiated with the Johns Hopkins University.

Headquarters for this organization was established in buildings of the

Industrial War College at Fort Lesley J. McNair in Washington, D. C.

'The Departm~ent of the Army initiating directive,* DA Meumo 3-50-2.* dated

~~120 September 1948, creating (3R0 specified that:

1) The GRO was under the direct supervision of the Deputy D~irector

for Research and Development, Logistics Division, Departmont of the Army.

2). The GRO was responsible for tha following functions:

a) Operations research and/or ariaJ3yis of Army-viide problems not

? unique to any one Army agency.

~ {j b) Basic research of a non-materiel nature which was not the re-

sponsibility of a specific AMy agency.

3) An advisory comm~ittee was established under the chairmanship of a

3 General Research Office, G~eraral ResearchOffice .quA&terW, Re-
Lot Vol. 1, No. I (Washington, D.C.: Goneral Research Office, Ths
Johns Hopkins University,, 30 September 1948),* p. 9.

4 iRubaugh, pp. 5-6e
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GRO project officer to assist in the selection of projects and the as-

sigment of priorities. This committee consisted of members of each

technical service, each general staff division, and representatives of

the Army Yield Forces and the Army Comptroller.5

The GRO was initially organized with a staff consisting of a

director, Dr. Ellis A. Johnson, a physicist, who served with distinction

as an operations research scientist in the Pacific area during World War

In; five other research scientists, three of whom had extensive wartime

operations research experience; and twelve administrative personnel.

The director and all technical personnel participated directly in the

research program. It was planned that the technical staff of GRO would

eventually consist of approximately fifty percent physical scientists,

forty percent human scientists and the remainder from professions re-

lated to human relations. 6

The problems undertaken by the General Research Office were res-

tricted to those which satisfied the following policy criteria estab-

lished by the Department of the Army:

1) Problems that will eventually involve major action by the Army.

2) Frobleras involving integration of military and technical courses

of action especially if two or more agencies of the Army are involved.

Specific problems of technical planning awd materiel development will
not be undertaken as they are the responsibility of the technioal

iibranches.

51bid.; GRO GRO Reort, Vol. 1, No. 1, pp. 9-41, 22-25; MQ
Toda (Chevy Chase, Md.t Operations Research Office, T Johns Hopkins
University. January 1955), p. 1.

6 GRO, GROReport, Vol. i, No. 1, pp. 22-25.
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3) Problems involving the Army but not those of a joint nature except

for specific Army portions of such problems. 7

At the time that the General Research Office was organized, there

were many problems being considered by the Army that were adaptable to
solution using operations research techniques. A sampling of these pro-

Jects reflect the continued influence of the problems and data collected

during World War II on post-war research and development projects:.

1) Analysis of individual protection from all forms of warfare.

2) Studies comparing short range guided missiles, free rockets and

artillery.

3) Optimum fire control systems for field artillery and elimination

of errors.

4) Analysis of supply reporting techniques.

5) Feasibility of logistics support of an airhead as opposed to a

beachhead.

6) Analysis of air-to-ground and ground-to-air recognition systems.

7) Developing a fully integrated communications system for a field

army to inolude analysis of data transmitted and modes of transmission.

8) Improvement of techniques for collection of foreign intelligence,.

processing this intelligence and disseminating it to interested agencies.

9) Effects of enemy propaganda and techniques for neutralizing this

propaganda. A corollary to this problem was the study of factors and

techniques to destroy enemy will to fight and how to best prepare our

om troops to succeed in battle.

10) Analysis of ways and means to encourage the application of atomic

71bid., pp. 20-21.



energy and radioactive materials to military problems to include the

development of weapons and equipment.8

Projects proposed by the Department of the Army and accepted by

the GRO prior to January 1949, included:

1) Analysis of individual protection means from all known forms of

warfare.

2) Analysis of predicted artillery fires.

3) Analysis of antiaircraft weapons and systems (scientific analysis

of the entire antiaircraft problem--exclusive of piloted aircraft).

4) AnAlysis of performance of Army equipment under all environmental

conditions.

5) Projmct MAID-Analysis of the U. S. program of military aid to
9

foreign countries.

It was in 1948 that the Army first formally recognized the neces-

sity for analysis of problems to achieve the best cost/result ratio.

Major General A. C. McAuliffe, Deputy Director for Research and Develop-

ment, Logistics Division, General Staff, discussed this situation in the

foreword to the General Research Office's first quarterly report dated

30 September 1948.I0 In later years this cost/effectiveness, as tha

term was called, became increasingly important as technology advanced

and costs for research, development and procurement skyrocketed.

8 Ibido, pp. 21-22.

9Xbid., pp. 14-20; Operations Research Office, Orations Re-
search Office Qurterly Report, Vol. 1, No. 2 (Waslhington, D.C.s Opera-
tions Research Office, The Johns Hopkins University, 31 December 1948),
pp. 7-29.

1iGRO, GRO Reyort, Vol. 1, No. 1, pp. 4-51 CIO Tqday, Foreword
and p. 1,
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On 27 December 19i8, the name General Research Office (GRO) was

officially changed to the Operations Research Office (CRO). This change

was made after it became evident that the title General Research Office

was misleading, as the sole function of this agency was to conduct oper-

ations research studies.li

By the time that CRO's quarterly report was published in Decem-

ber iq98, ORO scientists had reached two important conclusions:

1) Preliminary analysis of assigned projects indicated that certain

basic problems were common to all projects.

2) Solutions to these problems required cooperative action on the

parts of the Army, Navy and Air Force.

In addition to these conclusions it was observed that the increased im-
portance of human factors in the proposed analyses required the addition

of social scientists to the technical staff of ORO.12

Department of the Army Special Regulations 705-5-5, dated 13 Jan-

uary 1949, directed the Operations Research Office:

. . . to apply scientific, qualitative and quantitative analysis
to the study of warfare with the objective of improving the stra-
tegy, titics, logistics, weapons, and weapons systems of the
future.•

This was the first formal attempt by the U. S. Army to refine and pro-

mulgate a specific mission in termrs directly related to the field of op-

erations research.

- ' In April and May 1949, the first tri-partite conference on

IlIbi., Foreword and pp. 1-6.

i2Rumbaugh, p. 6; CRO, CPO Report, Vol. 1, No, 2, pp. 39 5, 6a

13Operations Research Office, Operations Research Office Report,
Vol0 II, No. 1&2 (Washington, D.C.: Operations Research Office, The
Johns Hopkins University, 30 June 149), Foreword.

A '_ AV-.
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operations research was held in London by operations research groups of

Britain, Canada and the United States, The exchange of inf ormation and

ideas from the conference resulted in significant benefits for the par-

ticipating nations. D, addition, agreements on standardization and data

exchange were formulated.' 1 ~ This conference in London was an eye- v-

opener to the part~icipating U. S. scientists because it was attended by

most of the senior staff officers of the British General Staff.

Upon their return to the United States, the participating C1RO

scientists developed severall staff studies analyzing the various pro.-

jectz assigned CRO comparad vWit the actual research requirements of the,

General Staff of the Arm~y. These sta~ff studies resulted in three iixapor-

tant conclusions:

1) The, necessity for continuing close coordinatioii and cooperation

:)f the separate operations research programs of tha U. S., Great Britain

Nand Canada,. One m, ii of accomplishing this coorilination was to exchange

scientists. This exchange of bliamsn parsonnel wins accomplished botireon

~~i1Britpain and the United States soon after the conference,

2) Operationsu research in the U. 8. Aamy should not ba centralized

in a single agency such as 1ORO Operationa research groups should be as-'

* I tablished at the priziaryu decision-makcing lvelis: weapons l~boratorioe

f or the analysis of weapons; at the heulquarters and boards of the Aruvy

I ~for dovelopmient of now tactics; &Md at the genfaral staff level for Btra-

togic decisions.

3) Opeay-tions Research Office ocientisto must work in close coopera-

1.5 later, in June 1963, Austr-alia was nominated and accepted for
nowberabip in th.~i conference.

I ±6cOR, OROo Rep~ort, Vol. II, No. W&, pp. I-2
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tion with their military colleagues. This insured maximum availability

of practical military know-how to the analyst during his conduct of the

operations researc.i analysisei 6

EBy June 1949, the CHO had developed frcm its initial staff of

five scientists to over twenty-five technical personnel most of whom had

World War II acmbat experience. The largest internal problem of ore

during this period was training these new personnel in operations re-

search techniques. Although all of these new personnel had good scien-

tific backgrounds, most had no previous experience in the use of opera-

itions research. Training in both strategic analysis and specific weapon

technological problem-solving were essential to the ORO analyst to pre-

pare him to undertake projects assigned to ORO. With this thorough
II

* training the CRO scientist wab well equipped to keep up with the rapidly

changing requirements that were placed on CRO in the following years. 1 7

In 1950', during the prelude to the Korean War, the National Aca-

Sdemy of Sciences was called back into active operation. Its function

was to evaluate the scientific research programs being undertaken by

agencies of the federal government. Another mission assigned the Aca-

demy wixs to undertake and support basic research activities required by
S~18

the military services.

The concept of systematically analyzing the Army of the future

was first undertaken in 1950, when the Secretary of the Army cauaissioned

the California Institute of Technology to begin Project VISTA. The

164gO, CtO Report, Vol. nl, No. 1&2, pp. 1-2.

171bidp., ppo 3-.

18.bid., p. 1.
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P2rPOse Of this project was to answer the questions:

How to prepa~re for the battlefield of touorrowt
How to beat organize combat forces to meet these requirements?
What tactics and techniques shwild be employed?
What oquipmi~nt Is required?
What logistic system will benit support such a battlafield? 19

The report rendered by Project VISTA's cawluision In February

1952,* highlighted three factors:i

1) A ten year forecast of future requirements in tactics, weapons

and equipment was essential for effectiveness and survivability.

2) A requirement existed for a centralized system to coordinate and

* integrate future developments in organization and tactics.

3) There was a need for a development group within this centralized

system composed of combat personnel augmented by civilian scientists to

field test new developments in organization and tatis

As a result of the Project VISTA recomendations, the Chief of

Staeff of the ArMy directed the establishment of a Combat Developments

Group at Headquarters, Army F"ield Forces (later redesignated United

States Continental Army Casuuand--UBCCOIAC). The Combat Development*

Group eventualiy consisted of some thirty service schools, materiel

dovelopnents agencies and test and training centers, with missions rang-

ing from doctrinal developments to hardvaram testing. However, the re-

A ~port's recomendation for the developument of a field laboratory was not

c4opted in thetse early years.20

19DonI K, Price, Government said Science.(Nov York: Now York Univ-
ersity Press, I.954).) p. 60.

2 0 Harauld D). I~augham, LTC, Historical S~way ntdStates
Arm Combatont CawmandExneriuantat 'ion Center,, 1 Nov 95

R~~~i (i. Od alf: U rý Combat Develo uments Cam Wzd1x
pei it tion~ Center). p. 2.
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The Korean War was a true operations research laboratory. The

Operations Research Office (ORO) dispatched many field research teams to

provide direct, immediate assistance in solving the Army's problems in

the field.21  These CIRO scientists worked and lived with the soldiers in

the field. After the truce was signed 113 members of these field CPO

teams received the Korean Service Medal. for their work in the ccmbat

zone.22 These scientists concentrated their efforts on hardware research

as the operations research scientists of the Office of Field Services did

during the second world war. However, much of their effort was devoted

to collecting data to support long range studies and other projects which

were not adaptable to field study. Some of the projects in this category

I that were later analyzed are:

1) How to measure the effectiveness of psychological warfare.

2) Analysis of the effectiveness of artillery.

3) Analysis of the results of close air support.

4) The use of native troops and labor.

5) The Army's relationship with the local government.

6) The use of negro troops, (This study found that integration

I dorked qtUite well and recommended that it be extended to the rest of the

7) Examination of the combat behavior of the individual soldier.2 3

The importance of the individual, his attitudes and physical con-I ' dition, were well-nmown problems to the ailitury ommandors of World War

21CH0 T2oda pp. 1-4,

22Rumbaugh, p. 15.

23CRO Today, pp. 1-4.

/i
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II and Korea. These problems came under increasingly deCi'Jd t n

of the operations research scientists of these wars.?4 In •-•zer to pro-

vide greater continuity to the investigation of these te6_Ams, tho

Joint Military-Civilian Committee on Human Resourcea w~s cstab!:=shed on

26 March 1948, by direction of the Joint Research arsi De zlo~momt Board.

From this committee evolved several in-house and cmtr&-4umA gruups ap-

plying operations research to the study of human 'esourus. The Commidt-

tee on Human Resources consisted of four civilian membc•3, one of whom

wias the chairman, and two military representatives eac from the Army,

Navy and Air Force. The missions assigned the committee were:

1) Continuously monitor and survey human resources research and de-

velopment within and outside the military services.

2) Collect human resources information from all domestic and foreign

sources, analyze the information, insure prompt dissemination, and super-

vise the resultant research and development programs.

3) Prepare and present reports on trends in human resourcet; activi-

ties.

4) Develop and implument plans to insure the best uoc• of available

human resourceso
2 5

The importance of the individual in influencing dhe effective-

ness of a system or operation was the basis of a study on human factors

in military operations conducted jointy in 0950-1951 by the Operations
S Research Office and Tnl Working Group on Human Behavior Undor Conditions

24ýIbi__• P. 4-5; Rumbaugh, pp. 7-8.

2 5US Research and Developments Board, Co eitte on Human Revour-
cos (Washington, D,C., Directive from ths Research and DevelopmentsBad 28 Mrh14)
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of Military Service. This study was the source of a large nember of

additional research requirements which prompted the Army to negotiate a

contract in August 1951 with the George Washington University establish-

Ing the m Resourcos Research Office (HMPO) in Aloxandria, Vir-

gini".

The Human Resources Research Offict (+RO) was assigned the

mission of conducting research in training methods, motivation, xorale

leadership and psychological warfare. Most of the specific problems uz-

dertaken by HaRO were old ones-old inthat they had been with the

Army for a long time. Those problems revolved around the individual

soldier, his training and his enviroment. Thus HMRO provided the

Army with a means to add emphasis to its investigation of these old

problems and simultaneously to insure a "... disinterested sciantifia

approach to gathering facts, controlled experimental approach with aroe-

Sful measuring devices and the orderly exauination of data frau aio-

search point of view."2 7

From its original austere contraliud organization consisting of

a central office with three operating divisios HfUtO expanded to a

Sfunctional decentralized organization that hAd only oio h•w d+i,-Aio

and acoomplishad most of its work though five ArvW Field Forces Huaw

Research Units (aU) or ( dRU).28 See Figure F for a diagia of rI-

ticne (Washington, D.C., Orations Rooarch Office, The lms Hot'1
F:1eraity, 7 JanuarY 0 ) p. 4 .

2?Fuman Resources Research Office, What HU+_RRO is Doing (Washing-
ton, D.C.: Humam Resources Research Office, Ht0iHRO Resoarch Bulleti NIQ.
1, George Washingt Univrsity, March 1954), pp. iiI, iv.

28Han Resources Reaearch Office, What HUMO is Poin_ Jul

in ( io. 3, Ge e W Chigt tUniveresity, December 1938), p. II•.
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organizational evolution of HURO.

Although great strides had been made by the Army prior to and

during the Korean War to insure that the Army research and development

programs were effective, significant controversy relative to this effec-

tiveness developed with the U. S. scientific ecmunity. In a speech at

the University of Minnesota in September 1952, and again in May 1953, in

Washington, D. C., Dr. Lloyd V. Berkner, a noted engineer and physicist

with a long history of government scientific affiliations including op-

erations research, argued strongly for the revival of an organization

similar to the Office of Scientific Research and Developnent (0SRD). He

argued that this type of orgo- 4'ation was needed to give the scientist

the opportunity, without military restrictions to exploit new technolog-

ical developments for military purposes. Dr. Berkner expressed the view

that many scientistj felt there was a significant gap in basic research.

In h: view this gap had been created by the absence of a civilian

directed r .z'rnh agency authorized to freely investigate new ideas for

the militry whether they wanted them or not. Dr. Borkner also felt

that the civaiiis under contract to the military services were being

overly r-atricted by +heir military superiors and as a result there was

no latitude fox ao i'ntific disagreement and no freedom to conduct wider

researc1i in prAL .iig but perhaps urrelated areas. 2 9

On Uta other hatid, many civilian scientists felt that the con-

traotual oysteo that hkJ evulved since World War II merged the private

,,id publS._ interest ir research and development very thoroughly and ef-

feoctivoel. It pvIw-Add a weas for th-t military services to gain the

"i 2 9 Price, ýv. 140--542, i75-i76-
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finest Qnginear-ing and -c2ený "ervices in order to pur-

s u pocific msearch poblems. Thh aciont:A involved in these acti-

rit.et indicated that tIds, hMaom I nit d their academic freed= "

bcaua the proposed projact Q the aod s IhCes had to be approved

b7 the oontractar before viak be*n, 4,A1tn-.her e utraetual device avail-

able to the soiantiat was tis cbi a :.y the 2esearch and develop-

ment cycle to go back to thjzt or:igii.to:., in ordor to re-define or effect
other changes in the project 11 thiz io vren ¶ to accomplish the pur-

pos of the contract. , rid, Lion - o prwoývt n-. for making changes dur-

ing investigation, mist contracts also inciwd n 4hority to conduct a

specific amount of self-ganerated resc- rcho conntidering the in-house

research and development agencies of th Azwy- and 'he advantages gained

fron using contractual agencies, the Army's rsotaroh and developuent

posture was pretty good. Undoubtedly it could hxve been better, but the

type of r"earch aid devwlolment envisioned by Dr. horkner called for

almost unlimited funds. Basically the szme results were achieved in a

much more limited fashion from the Army's in-house capabilities and the

associated contractual agencies through the application a operations

research to analyze the problem and to identify and recamend courses of

action. This proceas allows the decision-cako•r te concentrate the limit-

ed research and development funds :n areas of r•atest need.

However, this empharsis on the de-lopment of service related con-

Stract research agencies created a problem. By 1952, so many studies had
been initiated and ocapetition for qualified sciontists was ao demanding

that the Joint Research and Develoewent Board insisted on the military

services obtaining the Boardts approval prior to nagotiatig any more

contracts. 30 An example of the type of study group that the Research arA

30ihid., ppe 91--92# !L2 i74a
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Develoinent Board was concerned about was the Study Group on Continental

* Defense which was created in 1952 by the Secretary of Defense and was

chaired by Dre M4. J. Kelly of the Bell Telephone Laboratories. Although

this group was short lived, the area of investigation assigned to it

actuallyv cut across all the services and thus in some measure duplicated

work that other agencies had already accomplished. 3 1

Following the Korean War most CH~O research effort was devoted to

analyzing the mass of data collected during the war. In 1953, to more

* I effectively analyze problems of the post-war field army forces, the Op-

* S erations Research Office created another agtincy, the Cmbat Operations

Research Group (CCRG) at Headquarters, United States Continental Army

Comnand (USCONAMC), Fort Monroe, Virginia. This change was the first

step in a major reorganization of CH~O which occured the follcwing year.

4 ~In 1955, CC1RG was passed from CR0 to the Technical Operations, Inc., of

Washington, D. C. This was a new contractual agency specifically devel-

oped to support USCONARC in investigation of problems relating to the

32
I, nuclear battlefield.

$ ~On 1 April 1954I., the Operations Research Office (CHO) continued

its reorganization to meet the gradual but important changes in the

Itypes of projects it was assigned and to keep up with an increased volume

of work. One of the most important considerations in this r"organization

was the recognition that CR0 problems had outgrown the project method of

inesigation. The assigned research problema had evolved frm relative-

ly aimple weaponsarml"ses to the more ap0 BtiOated poblo= o desig-

311bid. P 92, 155.

32-Rumbaugh, p. 6.
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ing weapons, systems, tactics and strategies for the future. This trans-

ition frm analyzing hardware to the developient of intangibles like

strategy and tactics meant that problems were no longer easily classified.
Under the project system these problems became too large for the assi6-

ed project group to handle.

Key p•ints in the reorganization are as follows (See Figure 5):

I) Scientific investigation was reorganized from a project to mission

basis. This change provided greater flexibility for tactical and strate-

gic research because very few problems now being analyzed fit the project

classification.

2) Each division was assigned a broad mission to facilitate the ac-

camplishment of special studies within the framework of the division in-

stead of having to extend the study outside the division.

3) Each division was delegated a great deal of authority and made

almost autonmous. In addition, the division was assigned the primary

responsibility for designing and carrying out its own work programs.

4) With the addition of an associate and assistant director, the new

organization provided for better coordination with Army agencies as it

allowed the director more time to plan the overall operations research

program.

5) Greater emphasis was placed on tactical and strategic studies. 33

The Operations Research Office ((RO) started with just two as-

signed projects in 1948; but by the time it reorganized in 19514 CIO was

engaged in solving seventeen projects having campleted four others.

Some of the problems under analysis during this period were:

33atO Today, Foreword, pp. 4-6.
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1) The tactical use of atomic weapons; how they would have affected

actions in World War II; hev they would affect actions in World W•r III;

best systems for delivering atomic weapons present and proposed.

2) Defense against air attack.

3) Surface-to-sur. ace guided missiles.

4) Mines and other anti-tank weapons.

5) The casualty saving potential of the helmet.

6) Analyzing the 1-i rifle and its effectiveness.

7) The effect of terrain on range.

8) The potentialities of air-to-ground rockets.

9) Methods and devices for improving intelligence.

10) Threats to our overseas lines-of-communications and ways of do-

feating them.34

In 1954 the Operations Research Office had personnel working in

several different areas of the world on many facets of the Army's re-

search requirements. Scientific personnel were assigned to work with

the Deputy Chief of Staff for Operations on the devwlopment of war plane.

Permanent operations research groups were attached to the European and

Far East Commands. These groups worked in advisory and data gathering

capacities, and were in addition to the personnel that were in the

Combat Oper~ticns Research Group with the Army Field Forces (later

USCOARC). 35

In 1956 a follow-up study of the VISTA Report was conducted by a

committee headed by Dr. Leland J. Haworth of the Army Scientific Advisory

pp.

35 id., p. 5.
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development of operations research activities within the ArM and associ-

ated operations research contract agencies. From its humble beginnings

with the General Research Office (later the Operations Research Office)

which was initiated to augment the research and development programs of

the technical services,* the Army organized or negotiated the development

of many additional permanent operations research organizations including

the Wl'man Resources Research Office with its five Army Field Forces

Human Research Units; the Combat Daevlopment6 Group; the Combat Operations

Research Group; the Combat Developments Experimaentation Center; a&d the

Special Operations Research Of'fice. During this period there was a

definite shift in emphasis in operations research froa thio relativetly

straight forvard analysis of weapons to the more coimplex and less easily

defined problems of strategy, tactics and the inter-relatienship of the

4 ~human being in the developmnent and use of new systems and operations.

The supporting research projects became more difficult to define and

much broader in scope, tending to overlap into mAny different areas.

This shift in ot-phasis on the research and development effort and the

i~portancoe of operations research to this effort is sumarized as fol-

Iows: "...strategic needs cani and ought to laud to tactical schemes

and to new weapons deaigned to order."3 8  However, it is essential that a -I

proper sdx of present day prerparedness and phased obsoleteness be viaintain-

ed to keep cost and defense in ba3.anuo. "The research and dovvleount

(R&D) effort, therefore zust be directed in the light of the moat effective

strategy and tAotics, and It is a big part of tbe job of Armny operations

research to holp the deoiuiou-saknrs deterumine what these ore," 39

-38(O Today, .5

391bd.,P. 6.



CHAPTER V

CONTPMAR OPERATIONS REEARCH

This is not the end. It i not *van the beginning of th end.
BaIt i s, perhaps, the end of the beginning.

Winston Leonard Spencer Churchill 1

The years 19604967, brougut mau changes in the type and number

of Army in-house and ArnW associated organizatiofs e-sp. 1Ag operations

research techniques. There was also same name changing and consolidatiou

if effort by many agencies. The Army's research and developement organi-

ration in effect during IT 60, including associated civilian operations

research agencies, ib shms in Figure 6. This o6wnisaticen which on-

phasizes the aeucie& using eperations recearch, reflects the increased

I interest of the Army in thi soleatific msthod. 2

I In iýO, the requirement for e large-scale in-house war gaming

and plannAi g group was recognised by the D ertmant of the Army. The

V. S. Ar3W Strategy and Tactics Analysis Group (STAG) vws created to
satisfy tbia requirnent. STAG was established In Bethesda, Maryland,

under thQ control and supervision of DCSOPS. The vdasion asoignzI STAG

was to support Departmet of the Armi operational planning and evaluation

activities bf wa- gaeing and afliad epsraftois iosearch techbiques. The

SUniversity [res, 1935% p.1,

S. X~~ m, 1 VI emratiedtu Ytj&4$ reh-flT 62 (Dathssda.
I lfd~s Rosearch A=~34uis- Carp,,, P~AC-TP-844, Febeutry 1W6ý) pp" .1

68H
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group was initially authorized a total strength of ninety-two personnel

(forty-one military and fifty-one civilian). The civilians employed by

STAG were to be primarily operations research analysts or mathemauicianc,3

STAG was functionaUy organited with an Administrative Office and three

operating divisions, each with subordinate branches:

Plans Division Oerations. Divisin Computer Divisio

Personnel and Ground Combat Branch Programming
Logistics Gaming and Analysis Branch
Branch Branch Computations

Operations and Mathmatical and Branch
Intelligence Technical Branch Display and Can-
Branch munications

Branch4

In December 1961, the Operations Research Office (CRO) was

phased out and the Research Analysis Corporation (RAC), a non-profit

research organivAtion, was chartered to perform research for the U. S.

government with emphasis on Army requirezents. The Research Analysis

Corporation received its projects frm the various Army agencies through

the Office of ths Chief of Research and Dewlopent (OCRD). H",dquarters

for the corporation was established in Bethesda, Maryland. RAC retained

meat of the old C8O staff and assumed CRO's role as the prizary opora-

•tions rescarch eotivity of the Army• 5

Most of the remining o'.ýsidt- operations research effort of the

3US Department 0Z t1s "yStrata" " TactticAsli iGrouM
(STAG) (Washingtci, D.C * s BrlsfýýYgv kor -ii Department of the Army Staff
on 23-24 October 1961), Part e" Narrativw pp. 1-11 of Col. DeQuAoys
briefing, •p. 1-7 of Col. 7aý,Lngts briaiing.

1..ido, pp 1-7 i "'A. L&'A'nidw brisfing.

5Lym H. Rxwbaugh, Look a. US bc-M O,,ratioms Research-Past
and Present (cLeA, Va.s tnalarb A is Corp., RC-W-11,, Alprl
I§W3 p. 6-7.
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Army was divided among four mther permanent contract agenciesS Human WR

sources Research Office (HUMRWO). Special Operations Research Office

(SCRO), Combat Operations Research Group (CCRG) and Stanford Research

Institute (SRI). There were also at least twenty in-house operations

research groups in eleven Army comands and agencies. These in-house

groups generally confined their efforts to specific study areas within

the missions of their parent Army commands and agencies. They maintained

their own scientific staffs of frcm two to forty personnel to conduct

operations research projects; but they also contracted out many small

studies to over twenty universities and private research organizations.

These studies ranged from developing applications for automatic data

processing to developing field army medical support systeos.7 A iumay

of the Army in-house operations groups, the number of professional per-

sonnel they employed and the estimated annual cost of research conducted

during Fl 62 is contained in Table I.

Most of the contractual operations research organizations were

quite centralized at this time and the Research Analytis Corporation warn

no exception. When RAC superceded CRO it consolidated many of the CRO

activities. RAC initially retained CHO's field offices in Europe and

Asia but later discor inued the office in Europe for a short time. In

its hone office, RAC established two research directorates:

Combat Systems--... concerned with weapons systems, ccamunica-
tions, command and control, surveillance and target acquisition,
combat organization and doctrine, tactics, mobility, agility, com-
bat requirements and effectiveness criteria. technological fore-
casts and analyses of intelligence on friendly and enewy capabi-i-
ties. In addition it conducts research into new methods in prob-
lea-solving and analysis, forming the basis for improved oparationt

.R..be.ugh, p. 6-
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TABIL I

ARMY IN-HOUSE oPrTICs RESEARCH GROUPS 19628

Profes- Estimated
Sponsoring sional Annual Cost,

Agency In-house group Personnel Thous of Dollars

MC Combat Div Group 18 450

CMWC C Group 20 500

SIG War Gaming Branch, Communi-
cations Dept 8 200

SQC K. Operational Mathematics Of-
fice, 4 i00

TC Combat Div Grp Materiel Cld, 36 800
Management Group

Research Command, Mathemati-
cal Sciences Group 3 75

CE Army Map Service, Strategic
Planning Group 8 200

Logistics Research and Plan-
ning Office 3 75

CRD BRL Weapons Systems Div 40 £000I Army Ordnance Missile Cmd 9 225
Ordnance Weapons Cmd, CR
Office 6 150

Ordnance Tank and Autamotive
Cmd, Research Div 6 150

Diamond Ordnance Fure Lab 2 50
lWhite Sands Missi3.e Proving

Grounds 4 £00
Future WeapoMs Systems Agay
Aberdeen Pl'oving Grounds 6 150

Frankford Arsenal 5 125
Picatinny Arsenal 3 75

CONARC Ft, Sill 4 i00

DCSOPS STAG 18 450

Total 203 5075

aiilton. pp. 13-t1.

Ii



research methods and techniques.9

Logistic and Management Systems-,... deals with logistic war
gaming, a broad range of economi- and strategic studies, training
and mobilization base, production base, maintenance, resupply,
transportation, evacuation, intelligence as, approeiate, inventory
cycle costing, cost effectiveness, and budgeting.*

Other important elements of RAC were the Technical Support Units consis-

ting of the Library, Editorial Department, and Electronics Laboratory

which provided instrumentation for manual play azd coi•puter assisted war

games and supported field experiments with instrumentation.1 1

In 1961, a significant change was made in the Army in-house re-

aaarch and development structure. On 16 January 1961, the Office of Ord-

nance Research (which had been established during 1951 in association

with Duke University, Durham, North Carolina) was transferred frco the

Chief of Ordnance to the Chief or Research and Development, Logistics

Division, Department of the Army. The name of this organization was

changed to the Army Research Office (ARO); and it was assigned the mis-

sion of administering the Army's basic research programs. A specific

part of this program was the sponsoring of basic research in operations

research methodology.

The ARO sponsored the first Army-wide operations research sym-

podium in March 1962. This symposium attracted many national and inter-

national operations research scientists and analysts. The operations

9Researc1h kwa4ysis Cor'poration, Scientific PoblamSlii (Be-

tesda, Md.: Reseaich Ana1,is Corp., 1

l 0 Ibid.o pp. 4v 5, 8, 9.

11 RAC, ScientAtic PrbEt S~avbin pp. 14l-M?

1IUS Departent of tho •, Research i• Po~ sS1_ (Dur]a,

N.C.t U.S. Armyr Roseamar (Oiffis. 1961), 9f , PP- 2. 3.
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research syidosium ha 2.nce becane an annual event held at variOuS ArmAy

combat development actdvitiew throughout the U. 8. The objective of the

symposiiws i to os~iat the ArAy in maintaining an effective operations

research pro@Am bys

1) Emphaoizing the :?oie of operations reseach as a method of Im-

proving military operati.onf.

2) Familiarising key personnel of the Army in Army operations re-

search projects and capabilities.

3) Providing a scientific foram to prosigt &M discuss Army proble•s

amenable to solution by operations rosearch tecbniques.

4) Informing Army operations rezearch arAlysts of now tono0logical

developnents in the field of operations rxewe h.

5) Improving the app cability of rsults obtained fro operations

research studies by gaining outside scientifte oldniono

6) Providing a means for Army operatios research yto to meat

well-knolwn national and international leaders in the field of oprations

researoh.1

To assist it in its tasks, ARO established the Oerations Re-

aearch Technical Asistana q roup (CRTAG). This group had two Specific,

missions: 1) to .rganiz mnd jup-rviase tho annual operat&ons ivaearch

aymposium sponsored by ' ý 'hief of Research and MDvelopswnt through the

Army Research Otice; and 2) to assist all e thr Axwy reiearch &Wd devel-

opment elemunts in solviug o.prations research probem--uhsthor it was

initiating th uwe of the eyetwa, ob:Aiug skilld prsonnal, or sollig,

" W opartmut of tba A0q ton Research 8

i9 Prm "S 16wh E.0
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som particularly difficult problem in meth~do.ogy,

Thus,, in the 19600a the AIRO becam, the official Army in-house

sponsor of operations research, Croation of SARO provided a centralized

agency to coordlinat, and contvact out the basic research requirements of

the Army to other research organiz~ations such as RACO SOHO, HW4RRO, etc.

ARO also became a prmryyb3ishing agency for Army aparatimas rosoarob

PWblications. With the) advent of the annual aperations research sya-

pasiviu, ARO focused mcmo attention on the une of all1 operations research

activities both insida, and outaide of the Army.

The Hoelscher Ccaiittee Report an Army reoearch sad dmmlopueisto,

which was ccwpleted during 1961, recmended the ceentralliutiw4 and in-

togration of an1 Amty research and developmentefotTi euena

tionled to the creation in Ji yl1962 of U* oC bat Developaents Camand

and the Arz Materiel Comwd.

velojpiint from USQUARC. the Uch-oical services and the branch canbat

develoiment centers to the nawk-- orgunized Cwabat Devoloapenta Cca~aad

(ClC)v This eaumi~nd was charg~d wida answerIng throe questions:

1) How should the Armj' be organixed?

The changw4 of research and development respansibility frcei COMMW

14U3 Department of ths Ar~y, US ea Sa

poim h-0096&UIa I94 Part I (Dra .. . v e~la"II--I1,6
1W =v5j~. 1-56.

15~ruP . IAughaMCo, H'is~torical S=wcTzr. Unitod states

=I O.Ord C"i.8 Ux.S W_ a ewomn ~n
yerimentatioai &ur IFORevrd. p. i1i±, p. 221 US Army CeAbat Devilop-

19A2), COMM6 le AP a, QgakgC tDV00g__w1 -- o
(F.W01i " pat mnd I
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to CDC did not rAterially aVfect the missions or work of either the Ccm-

bat Oparations Research Group (CCRG), tich was transferred in 1tot frm

CCiARC to CDC$ or the Cvbat Developments Rxperimentation Center (CDEC),

whioh merely changed its name to Cwbat Developments Co.iand Mparizen-

tation Center (CDCE) and continued to work m pviously assigned pro-

jeots. Hwever, looking to the future, CDCM rwemanded that additional

experiments assigned to CDCEC be problem or-antd and support other CDC

agoncy requirmenta. This acemplished two things-it insured the can-

tinued grwth of CDCEC and provided the other ccmbat developseat agencieou

with an exp@riencczI eperientation agency to verify or refute oanolusiv4

generated by embat develo~ients concept Stuidies. 16

Aditicil CM t~gnoies using opara~tims reseoaxch teh•iques wore

the caubined arms grmips co-loated with eight service echool; the can-

bat service support t.,oupa consisting of nine techniol service elemenst;

the Office of SpeciaL Weapons Devlopent at Ft. Malis, Twc the rate
Area Conflict Office at the Special Warfare Center, Ft. Bagg, Worth Car

olina, with Uialso in Aiaska and at the Jungle Warfan Contor In tb'

Pan"&a Canal Zone; the Army Institute e Adv&aced Studi®s at CaUolol

Barracks, Pennsylvania; and within th, Headquartars of CDC-04 Diector-

ate for 4,ratlxoxiý Re ih wtd Eptrimntati(mi, which was the Army supvr-

,vieoy gency far 'h Ccabet Op~raMos Reearch Group (CRC). 1? For a

atrippd or viiatiwal dhwt of the Coubat Dovelopwnts CawwA sap1a-

using the oporatims reisarch related activities se Figure 7.

augm. -. 30.

17US Army Cmbat Developients Coawd, US Amw~ C"bat Devalejwnta
A ý&Ml Vl= Val, 2 (Ft. Belvolie, Va.$ U. S. AM~ Conb&t Deo-
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The mission of CDC~s Directorate for Operations Research and Ex-

parimentation was:

To evaluate future operational and organizational concepts pertain-
ing to the US Army through the application of scientific principles
and methods. To direct and coordinate war gaming activities through-
out the combat developments system and provide advice and assistance
to other authorized agencies engaged in war gaming. To formulate
requirements for troop tests and field experimentation in consonance

* with the Combat Developments Command mission. To arrange for and
monitor such tests and experiments and to evaluate their results.19

The Combined Arms Groups were charged with the responsibility to:

Develop current and future operational and organizatiLnal objectives,
doctrine and tactics; and materiel developments objectives and re-
quirements for the combined arms and for combat and combat support

i ~elements of the Army in the field, exclusive of Army Group and
,• higher, but inclusive of Theater Army air defense and unilateral

Amy operations and Army participation in joint operations, all in
accordance with broad guidance provided by the Ocmanding General,
US Army Combat Developments Command (CDC). 2 0

The mission of Combat Service Support Groups in the combat de-

J velopnents field was to:

Develop current and future operational and organizational objectives,
doctrine, and tactics; and materiel development objectives and re-
quirements for combat service support elements of the field army and
ccasuuwications move, to include unilateral Army operations and Army
"participation in joint operations, all in accordance with broad
guidance provided by^•he Cowhanding General, US Army Ccwbat Develop-
ments Camand (CDC). 2

The Remote Area Conflict Office (RACO) was responsible for all

cembat developmonts activities relating to: unconventional warfare;

. syuchological operations; counterinsurgency (including countguerrilla)

operctions conducted by the U. S. Arny and indigenous forces; and opera-

tions ccnucted by U. S. Aray and indigenous forces in special envirm-

19US, DA, USAC• C Activation lan, Vol. ., p. A-14-2.

2!gS, D A, UADC Activation Plan, V-I. 2- p. &-- A-1.

!pp.
I. 4
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22

ments such as jungle and arctic areas.

The Army Institute of Advanced Studies at the Army War College,

Carlisle Barracks, Pennsylvania, was directed to prepare

. . . studies on broad international, national and departmental
level matters affecting the requirements for land warfare. Devel-
op broad tactical and logistical doctrine relating to the organi-
zation, employment, and strategic operations of the theater army
and major subordinate elemep s above field army to include cam-
bined and joint operations.•

The Office of Special Weapons Development (OSWD), Fort Bliss,

Texas, was CDC's primary agency

. . . in the broad field of nuclear energy. OSWD will advise and
assist USACDC and other US Army agencies in the development of
objectives, concepts, requirements, doctrine, organization, and
equipment as they pertain to the employment of and defense against
nuclear energy by the army in the field, and in the doctrinal as-
pects of safety of army nuclear systems fram conception to opera-
tional delivery or use; and upon request assist ZI Ary C~mnanders
in the planning and conduct of nuclear play in exercises. 2 4

The other major change caused by the reorganization of the Army

research and development program was the creation in July 1962 of the

Army Materiel Command (AMC). AMC did for the technical services mate-

riel commands what CDC accomplished for the Army's caubat developments

activities. AMC centralized, consolidated and integrated the individual

programs of the technical services to improve efficiency in materiel

procurement, testing and evaluation, In accmplishlont of these tasks

tAC was assigned the following mission:

1) Direct, integrate and improve performance of the wholesale materiel
activities of the Army.

2) Furnish timely and effmtive supply support and mArntwinye support
Vj the Army, to thz AWy eleents of unified and apsoifiod ocoands,

22Thid,, p. A-rI-13-.

2Vthld., p. A-V-i.

Z•b•.iLAVII
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and to other cust-mers, as authorized.
3) Assist in the formulation of the Army materiel program, and ~in-
plamnt the approved progrgg in accordance with policy established
by Department of. the Arvqlyo;

The Arvy Materiel Ccemand fulfilled its assigned missions by:

* participating in the formulation of the Department of the Army materiel

program; receiving and correlating funds and program authorities; allo-

cating resources and program responsibilities; mAintaining a policy of~

delegation of authority to subordinate cciina~nds; exerciaing co~itrol of

subordinate activities through quantitative analysis of program perform-

&nce and functional supervision of qualitative performance; and finally,-

using the projact manger system for ma&davm direct-line control for pro-

jects which require this type of supervision dues to their size or degree

4 of specialization.

In aI4C there were few readily identifiable operations research

oriented offices or agencies; but there were many agencies using some of

the techniques. A representative group of these ares

1) The Comiptroller and Direetor of Programs which consisted of the

Pro~arai and Materiel ManagemAent Division, Plans D~ivision and Review and

Anayi' DI-Asion., With the aid of these divisions the Cowptrolier and

It Dixeotor of Programs wu~o responsible for quantitative reviev of ths pro-.

grms assigned CMC and making reports to higher Leadquarters.

2) The Director of Research wAd Dsvelofaent wa* sassigstd the reapoii-

sibility fort

a) Foriuulation of the overall AMC reseaarch and devalopeant pro-

gram,

2 5US Army Materiel CwuAx~ , gn--Sae Am gqý~
Activation Pl~ (a shington, D.C.:s U.Se ArmyMaeilCwid1
196),, Cover Uttar, p. to

VT
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b) Direct supervision adcontrol of assigned laboratories.

c) Supervision of research and development activities of 3ubor-

dinate commands,1

d) Supervision of assigned test facilities..

e) Quantitative and Qualitative review of performance of all

* these activities.

f) Monitor dwyelopment activities in Special. Warfar-e.

To accom~plish theas tasks the directorate vas sub-divided into a Plans

and Programs Branch, Review and Analysis Branch. Test and Evaluation

:9 Branch, Special Warfaro Branch, and Scientific Personnel Managemert

Branch. This directorate also exorcised supervisiona over the Ballistics

Resea~rch Laboratories, Human Engineering Laboratories, Diazond Fuze Lab-

oratorie8, General Supplies Research and Engineering Labeoratories, Mate-.

rials Research Agency and Cold Regions Reaearoh and LEngineering Lab-

oratory.

3)In addition to these directorates miany other AMC activities uaed

operations research techniques in thair analyses, evaluations and re-

T~ Managament Science Office of AMC, which was charged with

evaluating &nd integrating existing technical service nanagement techni-

ques and developing Improved methods and techniques, was the colJy office

in AMC that had a specific operations research mission. 2 7

Ths Armay wau not the enly organir~Ation undergoinig changes. Both

the Research Analysis Corporation (JIAC) and Uhe Special Operatiow~

26Ibd.,pp. 2--7. A-89 through A4lb.

2 7lbpp. 46~, A-83 through A-88.
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Research Office adjusted their organization to more effectively solve

the research problems assigned to them.

In 1963. the Research Analysis Corporation (RAC) added another

directorate to its organitation, the Systems Engineering Directorate.

This directorate had the mission of taking part

. . . in long term technical planning and forecasting; to examine
critically officially-stated hardware requirements from a techno-
logical standpoint; to develop new ideas for Army hardware pro-
grams; to evaluate current Army development programs from a te
nological standpoint; and to evaluate present field equipment.

In an effort to overcome the limited quantity of current field

data available for use by its analysts, RAC established additional field

research offices. An enlarged field office was developed 1n Southeast

Asia with branches in Seoul, Korea; Saigon, South Vietnam; and Bangkok,

Thailand. In addition a field office was re-established in Europe at

Headquarters, Seventh Army, Stuttgart, West Germany. The addition of

these field offices provided RAC with a better means of obtaining +he

data generated by the field forces. These field offices also provided

RAC with a means of using the field forces of the Army to support the

research requirements of the Army as a whole. The data collected by

these office& appreciably offset the severe lack of current cembat data;

but the most significant acccuplisboaent was getting the analyst out fro&

behind his desk and into the field.2 9

Reviewing some of the more recent successes of Army operations

research, RAC noted that operations research had played a major part in

I. theo decision to devolop tactical nuclear wea.pons at a t~im when only the

28fA. ScjaentWie ProblM Solving, pp. 45, 51.

2 _.bid., p. III Rumbaugh, po 17.

cV
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strategic nature of these weapons wAs understood# Continued research in

this area led to the development of a whole family of yields and delivery

means, Operations research analysis also provided a basis for deciding

howi many of what types of war heads should be produced and suggested the

best defenses against this type of weapon. Other areas bearing the

stamp of operations research analysis are: research and development

programs, deployment planis, maintenance requirements of surface-to-air

missiles and surface-to-surface missiles, conanterguerriJlas case studies,

and field analyses in actual operational theaters,30

The operations research interests of RAC in 1963 were not such

different from the interests of its predecessor the Operations Research

Office. In a sumsary of RAC/CfRO topics for the proceeding thirteen

years (see Table II) it was found that there were few major changes in

the types of projects assigned. However, there had been a gradual de-

crease (forty-seven per cent to thirty-nine per cent) in pulblications on

comb~at operatiom6 and a corresponding increa&o (twenty-ene per cent to

twenty-nine per cent) in publications on logistics and costs. There was

also a modest increase (two per cent to seven per cent) in publications

on operations researoh methodology. RAC noted that the reduction of

publications on troop training and psychological warfare was due to the

devolopuent of the Human Resources Rosearch Office (HUMRRO) and the

nary of U. S. ArM- zajor contracteoffowt by subject and study topic.a

3 0RAC, Sciantific Problem S2Lying~, p. 17,

3 t Ruvtbaugh, p. 7.
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TABLE II
PERCENTAGE DISTRIBUTION OF TOPICS IN ORO SEKIA NUAL REPOTS

JULY 1948 - JUNE 1961, BY SUBJECTr 3

Jul 48- Jul 51- Jul 54- Jul 58- Weighted
Jun 51 Jun 54 Jun 58 Jun 61 13-yr avg

Study Topic

Percent

Combat Operations Requirements
Troop strengths, or-
ganization, doctrine
and tactics 7 10 15 11 12

Weapons and effects 25 18 19 18 19
Combat equipment and
vehicles 11 7 8 6 8

Intelligence inter-
pretation and theory
of procgdure 4 6 3 4 4

Total 47 41 45 39 43

Logistics and Costs
Logistics operations 9 3 6 8 6
Support logistics 6 5 6 10 7
Production and costs 6 9 12 11 10

Total 21 17 24 29 23
Combat and support total 68 58 69 68 (6

Background Studies
Social, cultural, civil
affairs environment 4 7 3 3 4

International (strategic,
econcmio and political) 8 4 3 7 5

Total 12 11 6 10 9

General Studies
Selection, training and
performance 7 9 3 2 5

Psychological warfare 7 8 4 - 5
Special warfare - 4 3 1 3

Total 14 21 10 3 12

, ..Special Studies

R & D Management 2 6 8 5
Methodology 2 3 5 7 5
Miscellaneous - 5 4 4 3

Total 6 10 15 19 13

32Rumbauh p. 9.
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TABLE III
PECENTAGE DISTRIBUTION OF US APR-fI OR EFFCT BY SUBJECT AND STUDY TOPIC33

Army OR Contracts
RAC Only All Contracts

Study Topic C and Analywes_ • -1,2.r• 1963b 1962-1963C 2zi6
Percent

C20-bat 'Operations
Troop strengths, or-

ganization, doctrine
and tactics 10 16 18 16

Weapons and effects 18 9 6 8
Combat equipment and
vohicles 7 7 4 12

Intelligence inter-
pridtation and theory
of procedure 6 1 3 3

Total 41 33 31 39

Los~tics and Costs
Logistics Operations 3 1 6 8 7
Support logistics 5 6 3 5
Production and costs 9 15 6 7

Total 17 3Y 17 19
Combat & Support Total 58 70 48 58

Background
Social, cultural, &
env'.ronmental 7 1 8 6

International (stra-
tegic, economic, &
political) 4 8 7 5

Total 11 9 15 11

General
Selection, training

&performance 9 - 21 17
Psychological warfare 8 - 3 3
Special Warfare 4 8 7 6

Total 21 8 31 26

Special
R &D Management 2 5 2 2
Methodology 3 7 4 3

Total 5 12 6 5

aBasod on publications; estimated total technical personnel 110.
bBased on personnel; estimated total technical personnel 170.
0 Based on personnel and dollars; estimated total technical personnel

* 480. d~gged on personnel and dollars; estimated total technical personnel
590.

33Ibi_., p. 16.
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change in the disciplines of the technical personnel. Initially most of

these personnel were mathematicians and physical scientists; but by 1953

over forty per cent were from fields related to economics, human arts

and human sciences. In 1963, there were still forty per cent from the

humanities but the percentage of economists rose while the human scion-

tists decreased. Correspondingly, an increase in the percentage of

mathematicians and statisticians was off-set by a decrease in the per-

centage of engineers and physical scientists. Throughout this entire

period the percentage of natural scientists remained relatively constant.

As the other permanent contract groups (HUMRRO, SORO, CORG, and SRI)

were developed to satisfy special requirements, some of the research ef-

fort was transferred from (1IO/RAC. This shift in work programs caused

changes in the type of technical staff retained by each organization.

By 1963 the nature of the work conducted by each of the contractors was

a significant influence on the technical personnel they employed, for

example: over ninety per cent of the economists in the Army contract op-

erations research agencies were employed by RAC; over eighty per cent of

the psychologists were at HUMRRO; and wo-thirds of the political scien-

tists were with SCRO. All of these crganizations suffered from a signi-

ficant lack of trained onerations research analyats because the demand

in •he other military aervices, the gavenment rVd civilian industry

goatly etx,•eded Vra itAy.-34 Sec TahCe 1V for a atma-ry of the 1963

diaterbution of oporations reaearoh parao.*l !'. jýog!rl dino~pliy

&M-0 vent tliavtgl e. series of resmgani rAtiono arde nioss

t~~tow~during th~e V)63-66- Foy- c"WAle 'o

'kibid Pe 7* I.
*
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TABLE IV
DISTRIBUTION OF O PERSONNEL BY CRIGINAL DISCIPLI NES3 4 A

ORO-RAC Fiv Army
Subject Contractors a

Percent

Mathematics & Physical Sciences

Mathe-watica and Statistics 8.. 19.0 14.1
Engineering 19.8 16.1 10.2
Physics 16.2 11.3 5.3

Watural Sciences

Chemistry 4,5 4.1 1.7
Earth Sciences 2.7 4.1 1.7
Biology 019 1.2 0.5
Physiology 1.8 Oo6 0.7
Botany 0.9 1,2 0.7
Anthropology 09 --- 2.0

Humanities

Economics 7.3 13.7 6.1
Business -- 3.6 2.7
Psychology 8.1 3.0 29.7

* Political Science 9.9 7o1 8.8
History 9.9 6.0 4.1
Sociology 1.8 1.2 2.0
Literature, Language and Law 3.6 1.8 3.9

M iscellaneous

Philosophy 1.8 1.8 0.7
Military Science 1.8 4.2 2.9
Operations Research Analyst 2.2

aRAC, HU4RRO, SORO, CRG0 SRI.

bTotal personnel, i11.
CTotal personnel, 169.

: ' dTotal personnel, 411.

12idev p. 8.

I
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Counterinsurgency Information Analysis Center (CiNFAC) in order to sat-

isfy a requirement identified by the 1962 Joint DOD/CIA Committee on

Counterinsurgency Research and Development for the ". . establishment

of a rapid response system which can effectively store and retrieve raw

data as well as completed studies on counterinsurgency." CINFAC was as-

signed the mission of providing the Army and other Department of Defense

agencies with a rapid response system for collecting, storing, retrieving

and analysis of information on peoples and cultures of the world as they

apply to insurgency settings. 35

Another agency established by SMO during this same period was the

Scientific Advisory Service (SCADS), which was developed to provide im-

mediate advice to the Army. These advisory services included brief

studies outside the programmed work of SORO, assistance in implementing

S(11O research findings and &assistance in the preparation of social

Zo!•nce information oriented reports. In its role of directing Army re

search and development, the Office of the Chief of Research and Develop-

Ment was given the responsibility of approving alI SCADS projects.36

SCHO also developed several field support activities by setting

up research offices near operating field forces. The field office at

Ft. Bragg, North Carolina, was established in March 1963, to provide a

rese&rch capability and maintain liaison with the social science communi-

ty. The field office in the Panama Canal Zone was established during

February 1964, to conduct "...scial science rsarch on problems of

35Special Oper&Uionis Research Office, SOR R&D Work Program FY65
(Washington, D.C.: Special Operations Research Office, The American Uni-
varsity, I J ly 1964), pp. ii, iii.

3(Ibid.
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understarding affecting or supporting foreign peoples and societies, es-

pecially in Latin America, who were involved in or threatened by insur-

gency and subversion." 37 The field office established in Korea also dur-

ing February 1964 had its offices in Seoul with the Korean research units

of HUMRRO and RAC. The mission of the SCRO field office in Korea was to

satisfy the Army's operational needs in the fields of oross-oultural oam-

munications, military assistance and ccmmaunity relations. These field

offices provided an essential source of data to support and augment the

research accomplished at the home offices.38

These changes in SCRO resulted in a re-definition of SCRO's mis-

sion making it responsible for the conduct of

..non-materiel research in support of Department of the Army's
missions in such fields as counterinsurgency, unconventional war-
fare, psychological operations and military assistance programs.39

SM1O was assigned three specific tasks within the scope of this missions

1) to develop recommendations for doctrinal guidance in the conduct

of various counterinsurgency operations.

2) To provide basic educational materials appropriate to these re-

commendations when approved.

3) To develop specific area/country guide books in support of Army

~40overseas operations.

In July 1966, the research and develorment portion of the Spacial

Operations Research Office (SCIRO) mission was transferred to a new

371~id., p. 36.
38 1bid.,, pp. 36, 37, 39.

3 PP. it iii.
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organization, the American University Center for Research in Social Sys-

tems (CRESS). This center presently consists of two component institutes

designed to bring specialized professional talent to bear on specific

social science research, development, study and service problems in the

international and public affairs fields. These two institutes are:

1) Social Science Research Institute (SSRI)--which conducts social

science research to support Department of the Army missions in the

fields of counterinsurgency, unconventional warfare, psychological oper-

ations, military assistance programs, and studies and evaluations of

foreign cultures.

2) The Cultural Information Analysis Center (CINFAC)--provides in-

formational support for the Army and other DOD activities.41

The Army had made much progress since World War II in adopting

and adapting operations rese4i,.;h to assis i.t in it* rtsearch and

development program. However, most of this effort had been restricted

to civilian scientists employed by the Army and associated civilian

contract agencies. Very little effort had been made by the Army tn dis-

seminate general knowledge of the method or to maximize its use thr-ough-

out the Army. A step was taken to correct this error with the initiation

of the operations research symposiums conducted by the Army Research Of-

fice. However, these symposiums still were not the whole answer because

they were directed primarily at the Department of the Army General Staff

and those elements of the Army executing the Army's research and develop-

ment program.

4 1Center for Research in Social Systems, Work Prn amFiscal Year
6 (Washington, D.C.: Center for Research in Social Systems, The Awen-

can University, I August 1966), pp. iii, iv.

1
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Another approach to solving this problem of increasing the under-.

standing and use of operations rose&-ch in the Army came about as a M_-

suit of the Rlaines Board. This board was ccamuissioned in 1965, to review

and report their findings on the Army Schools System for Officerp". Thid~

report, which was published in February 1966, made many specific recon-

mendations to imiprove the officer schools. Some of these recommendations

dealt with the Improverent of the operations research posture of the

Army,

In its report, the Haines Board noted the developmuent of opera-

tions research and its increased use within thes Department of Defense.

Bat the Board also noted that Corgres5 had becomne disturbed over the in-.

creased costs involved in supporting more and more operations studies.

These conflicting facts made it clear to the Board that the Army must

malm maximum effective use of all funds authorized for operations re-

search studies. One means of accomiplishing this was to proporl~y train

the necessary military specialists to fill positions calling for gradu'-

& te training in operations research and slimultaneously develop under-

- - standing of the method throughout the ArM.

The study concluded that for FY65 there were 116 Army Education-

al Requirements Board (AERB) validated positions requiring graduate de-

grees in operations rosearch or systems analysis. This was double the

requirement for FY 64. In late 1964, an informal Systems Analysis

Specialist Program was established to identify qualified personnel and

coordinate their assignment to operations rosearch/systems analysis pos-

itions. As of No~vme-Abr 1964, 109 officers, inelvding sixty colonels/

lieutenant colonals, t~iirty-diine majorsi and ten captains, moot of whena

had graduate degrees in operation. research or systems analyvia, were
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participating in the specialist program.42

In addition to this small pool of specialists the Haines Board

found that in the year 1965, officers could participate in four types of

operations research/systems analysis oriented training programs: in-

struction included in officer career and specialist courses in Army

schools; participation in other service, defense and government courses;

graduate schooling in civilian colleges and universities; and on-the-job

training. Each of these training programs except on-the-job training

will be explained in more detail below:

1) Army Career and Specialist Courses:

a) USKA conducts five principle courses (two more offered begin-

ning school year 1966). Offers eight associated courses as electives.
b) Basic Courses at the present time offer no instruction.

c) Career (Advanced) Courses offer operations research/systems

analysis instruction of from three to thirteen hours conducted in the

Infantry, Signal, Chemical, Transportation, Military Police, Woments

Army Corps and Medical Schools.

d) C amand anc' -ineral Staff College devoted only three hours to

this instruction; but by 1966 this was increacad to nine hours.

e) The Army War College had about tuelve hours of operations re-
search/systems analysis principally concentrated in a four day Coman

Management Seminar which included the theory and principles of decision-

making, techniques of operations research/systems analysis and war gaming

concepts.

4 2 US Department of the Army, Report of the Department of the Army
Board to Review Army Officer Schools. Vol. III (Washingto D.C., Depart-
mont of the Army, Fsbr=7 1966), pp. 593-604.

Ji
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f) The U. S. Army Logistics Management Center conducts no specific

operations resaarch/systems analysis courses but principles of the method

as they apply to logistics were taught within the scope of the other

Courses,

g) The U. S. Army Management Eng~eering Training Agency conducted

six courses of from one to six veeks duration on operations research/sys-

tems analysis.43

2) Other sexvice, defense and government courses were available for

Aruy use in 1965:

a) Graduate degree level courses at the Naval Postgraduate School,

Air Force Institute of Technology, and the Institute of Defense Analysis

(IDA). As of 1965, fourtefn Army officers were attending these courses.

b) The Civil Servi.e Ccmlission and several other government

agencies sponsor short operations research/systems analysis orientation

courses of frcai one day to eight weelcs.*

3) Graduate Civil Sohooling. In 1965, civilian operations research/

systems analysis graduate degree programs were offered in at least fif-

teen U. S. universities. At that time twenty-one Army officers were en-

rolled in seven of these universities. This enrollment constituted a

fifty per cent incroase over the total number of Army officers receiving

Army-sponsored degrees in the field du-ing the proceeding ten years,°45

After analyring all these facts the Haines Board arrived at the

follawirng conclusions relative to the condition and developnent of opor-

4'31bid,, pp. 595-597.

i.rbid., p. 596.
4 51bid., pp. 595-597.



"d, ations research and systems analysis in the Army:

1) Three levels of OR/SA officer training and education should be
established: specialist, executive level~, and familiaritAtion.

2) The Systems Analysis Specialist Program should be establishod
&s a formal program under the direction of the Deputy Chief of~
Staff for Personnel in coordi~nation wi-th the Assistant Chief of

Staff for Force Developmnent.

3) Position requirements in SA Specialist, Program in the grades. . . . ...... of captain and major should be increased to provide program bal-
ance and an adequate junior officer b~ase to support validated
senior positions filled on a reutilization basis. An annual in-
put of approximately 60 officers in junior grades into graduate
schooling in CIR/SA would meet estimated requirementm

4) For the Cit/SA education of specialists, advancedt degree courses
tailored to Army requiremints should be established at a limited
number of civilian universities.* To supplement this graduate
schooling, on-the-job training programa should be developed with
selected contract research agencies.

5) F'or CIR/SA executive level training, the branch career (advance~

(4 octive program tor appox -tely 20, of students in the comabat
a~ms and technical services.

6) For CiR/SA familiarization training, branch-oriented instruction
should be conducted as part of the career (advanced) course. At
leieit eight hourc should be devoted to this subject in courses of

r ~the professional, and administrative branches and 24 hours in those
(~td of the toob-nical 'services and combat arms. Students at the C&GSC

and Army Wtr Co~lege should re'-eivt approximately 24 hours of ()R/
7.............SA trAining in each course.

in Army C&SChoplQ.d bea the proponent agency for CR/SA instruction

Based upon these conclusions several changes weras proposed in

the ArvW Officer School Systom for succeeding years. The operations re-

Gearch/mystems anal~sai subjects in the course curriculums were to be
increased at mvny of the branch career courses, al, the tecbni-cal eel-vice

schools and at C&SC. 47 An operations 1,ýsearch/sy-ste.ms analyusis

PP. 597-603.
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specialist program was adopted by Department of the Army in FY67 and an

immediate effort was made to train more personnel in those fields°4 One

means of increasing the number of specialists was to immediately expand

the one year Defense Systems Analysis Program, which was developed in

August 19.65 by fhe Institute for Defense Analysis in Arlington, Virginia.

This course was offered in coordination with the University of uryland

and leads to a degree of Master of Arts in Economics. The first class

in 1965 consisted of thirty students: twenty-four military and six civi-

lians, Later classes were expanded to sixty students.49

To summarizm Army operations research for the period 1960-1967

is to recognize the increased imaportance of the method to the execution

of the Army research and development program. During this period there

were many changes in Army organization and in the organization of the

various associated contract agencies. The oldest of the Army's contract

agencies--the Operations Research Office (CrRO) was replaced with the

Research Analysis Corporation (RAC). The Specirl Opetations Research

Office (SCRO) reorganized its activities, gaining additAonal responsi-

bilities with the initiation of the Scientific Advisory Service (SCADS)

and the Counterinsurgency Information Analysis Center (CINFAC) and

losing the research and development segment of its mission to a new con-

tract agency, the American University Center for Research in Social

Systems (CRESS). All of the Arwy contract agencies underwent a gradual

but significant shift in the Vp of technical personnel they employed

4This information is based upon conversations with representa-

tives of OPO-Armor, Adjutant General, Department of the Aray.

4%. J. Ortlieb, CNM, USN, "Defense Systems Analysis P-rogram."
United States Naval Institute Proceediu.s, August 1966, pp. 52-60.



as the projects they were assigned became more specialized. During 1962

the Army reorganized its research and development effort into two large

commands, the Combat Developments C~amnd (CDC) and the Army M~teriel

Command (AMC). CDC had many more activities using all aspects of opera-

tions recearch than AMC because of the conceptional nature of its work;

but AMC also used operations research throughout its organization to as-

sist it in properly managing its tasks of procurement, testing and eval-

uation. Although the use of MA had spread appreciably in both the mili-

tary and civilian scientific communities by 1965, the Army still did not

have a wide base for in-house operations research. The creation of the

Army Research Office (ARO) to coordinate the Army's requirements for

basic research including operations research and the ini iation by ARO

of the annual operations research symposium only partially solved the

problem, This deficiency in operations research training was noted by

the Haines Board in its report on the Army Officer Sohool System. The

board concluded that a specialist program shomld be initiated and that

operations researcb/systems analysis training should receive uore o-

phasis in Army career (advanced) courses, technical schools and at the

Command and General Staff College.



CHAPTER VI

FUECAST FC:t THE FUTURE
""Old1 men and ocaets have been reverenced for the same reason;

their long beards, and pretences to foretell events.

Jonathan Swift 1

(1667-1745)

Predicting the exact future of operations research is difficult.

The method has proved very effective in both military and government

applications, Since his assumption of office in 1961, Secretary of Do-

fense Robert S. McNamara has restructured the entire upper echelons of

the military establishment--centraliaing planning, progriming, budget-

J., ing and procurement. The success of this program influenced the re-

maining govermnent agencies which under a 1965 presidential order began

j iintroducing PPBS (planning-programing-budgeting system) into their oper-
' 2

ations. It can be anticipated, that as the techniques of the method

become more accepted and understood, the procedures will spread to suc-

ceeding lower echelons as proficiency and applications increase.

? The success of these programs haven't been lost on the civilian

community. Since the end of World War II more and more attention has

been focused on developing civilian applications especially in industry
Ii9

and business. Recently, the civilian scientific and industrial

1The Oxford Dictionary of Quotations (2d ed., Lmdoni Oxford
Univerity Press, 1955), p. 520.

i
21{x Ways, "The Road to 1977," Forun, Vol. LUV, No. 1, Jana-

ary 196?, pp. 93-95.
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communities have taken the position that through the use of scientific

analysis that the U. S. and the world can finally come to grips with and

predict the future with same confidence. This new look is achieved by

the stimulation of ideas and by properly developing alternatives so that

the decision-maker has a better means of measuring the results against

the objectives and coats. This now group of intellectuals called the

"futurists" is typified by Henry S. Rowen, president of the Rand Corpora-

tion and formerly an assistant director in the Bureau of the Budget;

"Stephen R. Graubard, editor of Daedalus, who heads an American Academy of

Arts and Sciences study group on the year 1976; and Daniel Bell. head of

the Columbia College Department of Sociology, chairs a group--Ccmission

on the Year 2000, which is also sponsored by the American Academy of Arts

and Sciences. These futurists believe that this new attitude and ap-

proach to problem-solving will be soon recognized world-wide as being

typically American. 3

Within the Army the Chief of Staff has led the way in anticipa-

ting the influence and importance of operations research and associated

systems to the Army. In February 1967, he directed the establishment

of an Office, Assistant Vice Chief of Staff in the Office, Chief of

Staff in order to bW able to integrate all in-house analysis efforts.

The areas of interest of this new office are:
1) Management Information Systems - which prescribe the approach to
measurement and analysis of requirements and availability of re-

sources in relation to plan or program and provide for a massive
data reduction and analysis in order to surface, at the earliest
possible time, potential problem areas for managent attention.

2) Weapons Systems Anal~yiv - easures alternative solutions to the
six of personnel, force", logistical support and fandso

%bhid.
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3) Force Planning Analysis - compares alternative forces and their
costs against mission capabilities.*

The goal of the Chief of Staff in this reorganization was to

achieve a high degree of integration of the technical, administrative

and management talent of the Army into a management system that is audi-

table, economical and responsive to change. General Johnson established

a two year time limit for the accoplishment of this goal. The imple-

mentation of this program calls for the development of four directorates:

1) Director of Studios - supervises long range studies. Resources

for this directorate will be drawn from the Office, Director of Special

* Studies.

2) Director of Management Information Systems - coordinates, guides,

and controls the development of Department of the Army information and

data systems to insure the timely receipt of information. A major ele-

ment of the mission of this directorate is the development of techniques

and equipment to correlate and display meaningf'ul data to assist in do-

termining management problem areas.

3) Director of Weapon Systemis Analysis - prescribes guidance and

monitors analyses to identify weapon systems alternatives, the resources

necessary to carry out the alternatives and what actions are required to

achieve the preferred alternatives. This directorate is designed to

answeLr the following questions:

a) Which weapon system or weapon systems mix can best meet a
given th-eat or set of threat scenarios?

b) At what point in time is the introduction of a new system
Justified?i

4 US Departwnt of the Army, Roorganization of the Office Chief
of St.:ff (Washington, D.C.: Office of :_e Chief of Staff, CS320, Memo-
randum frm the Chief of Staff for the Heads of Army Staff Agencieu, 16
Febiuary 1967), pp. 1-3.
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c) At what point in time can the system currently operational
be justifiably replaced?

d) What are the key aspects of parformance andJor chracteAa-

tics that prticularly Justil'y its existance?5

4) Director of Force Plamning Analysis - performa to major

a) The translation of (.15 decisimns into secific program
direction in term of forces and resources.

b) The use of autamated analytical models for the rapid atsess-
ment of alternative force structures and their associated osts.6

The completion of this program shomld provide a centralized effort in the

field of management that will materially assist the Army in achieving

its ultimate objective of fielding and supporting any required mix of

forces to moot any requirement placed upcn it. 7

With the Department of Defense emphasis on "entralized planning-

programing-budgeting-procurement, the Armyts requirements for men and

materiel plus the tactics and strategies they must serve are carefully

analyzed for validity before being approved. This new integration of

management effort by thm Army will • • almAg way twnrd assisting the

Army in preparing its future requirements and providing a basia for sup-

porting thes requests when they kro prmesnted to th e e Pfnse apioaont

and CUngresG.&

however, this centralization can be -wrdered "and. unda tak.vIn buf

the desired i jsults caii not be achieved without properly trained persoanwl

$TIbi&1o, Tncl I to Incl I, Incl 2.

' Tbid., Incl 2 to Incl 2.

d-, pp- 1-4, Inal I w/3 incl, Incl 2 w/2 incl.
I = 

0•
___
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to man the system. Licreased emphasis by the Army in training its of-

ficer personnel in operations research/systems analysis will provide the

necessary background and expertise to support centralisation of manpower,

management and expansion of operations research technical knowledge

throughout the Army. As this talent becomes more widely dispersed in

the Army, operations rssearch should influence many new areas of Army op-

erations. See Figure 8 for the current and proposed Army research and

divelopment organization as of I April 1967.

The in-house segment of the Army operations research/systems

analysis training, which in the long run will provide the greatest in-

pact on the Army as a whole, is presently undergoing revision. In ac-

cordanoe with the recommendations of the Raines Board, the Ccemand and

General Staff College (C&GSC) has sponsored a program to expand the CR/

SA training being conducted in the Army schools. The program as planned

will consist of fifty-one hours of instruction. Twelve hours will be

taught at C&GSC during 1967-1968. Copies of lesson plans for the nine

hours taught at C&GSC during 1966-1967 were forwarded to service schools

in February 1967. Forty hours of this instruction is being prepared by

a contractor, and will be forwarded to the service schools in October

1967, Thirty-nine of these hours will be offered aa electives at C&GSC

beginning in 1968. C&GSC estimates that within four or five years, when

the CR/SA oriented service school graduates begin arriving at C&GSC, the

(R/SA course of instruction will need modification and oxpansion basod

upon the assumption that student officers will have the basics. 9

9US Camand and General Staff College, Instructional Packet for
tn b cts Modern AnalDtical Methods (Operations 1searoihS stems

kalysis)(Ft. Loavenworth, Ks.o Command and General Staff College, April
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In the future, there may very well be a system or systems to

supercede operations research; but it is probable that the techniques of

operations research will be the heritage of any similan system. The

primary role of operations research should continue its evolution from

the simple two-dimensional problems of the past to complex interaction

problems of the future. The principal limitation of military operations

research in the Army today is the need for greater understanding of the

system @.nd training in the techniques. However, the increased use of

operations research/systems analysis both inside and outside the military

will speed the development of new methodology and devices. Lncreased em-

phasis in education of the Army officers will improve the posture of the

Army in the field of operations research in coabat, combat support, com-

bat service support and research and development. As the effe.ct of this

increased emphasis becomes felt, the techniques will be applied in ever-

widening spheres affecting more types of Army operations. I also feel

that the education and training in operations research developed by the

Army will not be wasted no matter what happens to the method, because

there is always a requirement for systematic appraisal, planning, and

the application of cammon sense in military activities.1 And finally,

I conclude that operations research teaches the user to scientifically em-

ploy his fOacU~ties.
(To find) 1 2 with keen discriminating sight

Black's not so black; - nor white so very white.

Geoorr Canning
1 3

1 1Stillman.
1 2Author's substitution--oxact quotation reads "And finds."

I -Oxford Dictionary of Quotations, p. 124.
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